INDIAN JOURNAL OF PHYSICS 

VOL. XllI 

AND 

PROCEEDINGS 

OF THE 

Indian Association for the Cultivation of Science, Vol. XXII. 

(Published in Collaboration wUb the Indian Physical Society) 

BOARD OK EDITORS 

D. M. Bose, Ph.D. M. N. Saha, D.Sc., F.R.S. K. Prosad, M.A. 

S. K. Mitra, D.Sc. 

P. N. Ghosh, Ph.D., Sc.D., Secretary. 


( With Twenty-one Plates ) 


Printed at the Calcutta University Press, Senate House, Calcutta, 
By Bhupendralal Banerjee and published by the Secretary, 
Indian Association for the Cultivation of Science, 

210, Bowbazar Street, Calcutta. 

1939, 


Price Rs. 12 or £1-2- 6- 




CONTENTS OF VOL. XIII 
Part I 


Pagb 

I. The Propagation and the Total Reflection of Klcctroraagnetic Waves 


in the Ionosphere — By M. N. Saha and K. B. Mathnr ... i 

2. Raman Spectra of Co-ordination Compounds — By Bliolanalh Roy ... 13 

3. Crystal Structure of Diphenylamine, Part I — By Jagattaran Dhar ... 27 

4. The Internal Pressure in lyiquids — ^By M. P'. Soonawala ... ... 31 

5. A New Theory of Lapse Rate — By D. Subrahmanyam ... ... 43 

6. Purther Studies of F-regioii at Allahabad — By R. R. Bajpai and 

B. D. Pant ... ... ... ... ... 57 


Part II 

7. Jupiter’s Atmosphere — By A. C. Bancrji and Nizamuddin ... 73 

8. A Note on the Transmutation Function for Deuterons — ^By P. L- 

Kapur ... ... ... ... ... 87 

Q. A Study of Sulphur Allotropes by the X-ray Diffraction Method 

(Part ID— By S. R. Das and K. Ghosh ... ... ... gi 

10. The P'diigc of the Atmosphere and the Ultra-violet Light Theory of 
Aurora and Magnetic Disturbance— By S. K. Mitra and A. K. 
Bancrjee ... ... ... ... ... 107 


Part III 


11. Band Spectrum of Antimony Monoxide— By A. K. »Sen Gupta 

12. On the Raman Effect in Camphor — By B. M. Anand and S. Narain ... 

13. An experimental Study of Parabolic Wire Reflectors on a Wave- 

length of about 3 Metres— By A. K. Dutta, M. K. Chakravarty 
and S. R. Khastgir 

14. On the Absorption and Emission Spectra of Rare Earth Crystals— By 

P. C. Mukherji 

15. Measurement by means of the Electrometer Triode— By J. A. N. Thaes 

16. An Improved form of Vacuum Arc Mercury still for Laboratories — By 

M. V. Sivararaakrisbnan 

17. On the Raman Spectrum of o-Diphenyl-benzene — By S. K. Mukerji 

and S. Abdul Aziz 

18. On the Origin of the Colour of Paramagnetic Ions in Solution, II. 

Fine Structure of the Absorption Bands— By D. M. Bose and 
P. C. Mukherji ... 


145 

IS9 

167 

185 

199 

205 

209 

219 



Contents 


iv 


ig. 


20 , 


21 , 


22 , 

23 - 

2.4 , 

25 - 


26. 


• 



2CJ. 




:u- 


33 ' 

3 ^- 


35 * 




37. 


38. 

3 ^ 3 ' 


Part IV 


New IMcasurenieiils of Akuniiiiuiii Monoxide Bands By 


Page 

Dcbeschaiidra 


Roy ... ■■■ ^31 

A Simple Method of Coaiin/2 ( )plicnl Surface, Avith Aluminium— By 

M, V< Si varan lakiishnan ••• ... 241 

Raman vSi>ectrum of l)ii)lierjyl in the Solid Slate — By vS. A. Aziz 247 

t^ludies of the Tom)S]>heie at Calcutta” ■ By J. N. Bhar *.<• 253 

Dynamics oi the Piamjforte Stiing' and tlic Hammer Pait 111 ((^eiierail 

^J'lieoiy j—Tty Mohiuimohan Cliosh 277 

i^urface Tension and Rindeinann h requcncy — By 1 ^, vSibaiya and M.''^ 

Rama Rao * . • 293 

Ri(jnid Drops — By R. D. Mahajan ... ... 299 


Part V 


I'.vaporation from Taitheii Jugs — By Hazarilal CBipta and Abinash 
Chandra ... ... ... 

Absoi'iition Spectra of Compounds of Phosphorus' — vSh. Nawazish Ali ... 309 

Rinear 1 extension of reilecied Image produced by a ySurface JraveVvSed 

by Waves — By F. C. Auluek ... ... ... 321 

Isotope J{lTect 111 Band vSpectrum of Tin monoxide — By P. C. Mahaiiti 

and A. K. Sen Cnpta .. ... ... ... 331 

On tile ])olarised Fluorescence of Organic Compounds — By vSachindra 

Mohan I\titia 349 

Part VI 


Raman hlffect in Arseiiales and heat of Dissociation of A.sO — By S. M. 
Mitra 

On thc‘ Influence of Foreign vSubstances on the Absorption of the 
Dyestuffs in sojutioLi-’“-l>y Saehindra IMohan Mitra 

A week Radio.-aclive Substance (preliminary note) — Rajendralal De 

A Note on the maintenance of Flection Kuiission in Cossor Valves 
after the Ion Teiisicm vSiipply is disconnected — B}^ N. S. Pandya 
and P. 1). Pathak ... 

On the Fondon-van der Waals forces between two Disc-like Particles— 
O, P. Dube aiTd H. R. Das Gupta 

Pressure WavevS and Boundary Surfaces in the free Atmosphere — By 
1). S. Sulirahmanyain 

Raman Spectra of Couniarins and Chroinoncs — By (Miss) Asceina 
Moukerjee and Jaganualh Gupta 

Supersonic Velocities in (Rises and Vapours— By S. K- Kulkarni 
Jatkar 

LTasual Solar Acti\ ily— By Md. vSalaiiicklin and B. G. Narayan 

buppienientary ; Presidential Address of the Indian Physical Society. 


391 

397 

407 


409 

411 

419 

439 

445 

451 



AUTHOR INDEX 


Page 

Ali, Sh. Nawazisli ... Absorption Spectra of Compounds of Phos- 


phorus ... ... ... 309 

Anand, B. M. and Narain, On the Raman Effect in Camphor ... ... 159 

S. 

Auluck, F. C. ... Linear Extension of reflected Image produced 

by a Surface traversed by Waves ... 321 

Aziz, S. Abdul ... Raman Spectra of Diphenyl in Solid State ... 247 

See also Mukerji, S. K. 

Bajpai, R. R. and Pant, Further studies of F-region at Allhabad ... 57 

B. D. 

Banerji, A. C. and Nizam- Jupiter’s Atmosphere ... ... ... 73 

uddin 

Banerjee, A. K. ... See Mitra, S. K. 

Bliar, J. N. ... Studies of the Ionosphere at Calcutta ... 253 

Bose, D. M. and Mukherjec, On the Origin of the Colour of Paramagnetic 

p. C. Ions in Solution, II. Fine Structure of 

Absorption Bands ... ••• 219 

Chakravurly, M. K. ... See Dutta, A. K, 

Chandra, Abinash ... vSee Gupta, llazarilal. 


Das, S. R. and Ghose, K. A Study of Sulphur Allotropes by X-ray 

diffraction Method (Part II) ... ... 91 

Das Gupta, H. K. ... See Dube, G- P. 

De, Rajendralal ... A Weak Radioactive Substance (preliminary 

note) ... ... ... ... 407 

Dhar, Jagattaran ... Crystal Structure of Diphcnylamine, Part I ... 27 

Dube, G. P. and Das On the London-van der Waals force between 

Gupta, H. K, two Disc-like Particles ... 411 

Dutta, A. K., Chakra varty An Experimental Study of Parabolic Wire 
M. K. and Khastgir, Reflectors on a Wave-length of about 3 
S. R. Metres ••• ... ... 167 

Ghosh, Mohinimohan ... Dynamics of the Pianoforte String and the 

Hammer, Part III (General Theory) ... 277 
Gupta, Hazarilal and Evaporation from Earthen Jugs ... •••305 

Chandra, Abinash 

Gupta, Jagannath ... See Mookerjee, Aseema. 

Kapur, P. L. ••• A. note on the Transmutation Function for 

Deuterons ... ... ... 87 



A uthor Index 


Vi 


Khastgir, S. R. 

Kulkanii Jatkar, S» K. 
Mahajan, L. D. 

Mahanti, P. C. aild Scu 
Gupta, A. K. 

Matliur, K. B 
Milra, S. K. and Banerjee, 
A. K. 

Mitra, Sacliiiidra Moliftii 


Mookerjee, (Miss) Aseellia 
and Gupta, Jagannath 
Mukherjee, P. C. 


Mukhei ji, S- K. and Aziz 
S. Abdul 
Narain, S. 

Narayan, B. G. 

Nizam uddin 
Pant, B. D. 

Pandya, N. vS. and Pathak 
P. D. 

Pathak, P. D. 

Rama Rao, M. 

Roy, Bholanath 
Roy, Debeschandra 

Saha, M. N. and Mathur, 
K. B. 

Salaruddin, Md. and 
Nai-ayan, B. O. 

Sen Gupta, A. K. 

Sibaiya, L. and Rama 

Rao, M. 


Page 

See Dutta, A. K. 

Supersonic Velocities in Gases and Vapours ... 445 

I,iquid Drops ... ... 299 

Isotope Effect in Baud vSpectruin of Tin 

Monoxide ... ... ... 331 

See Saha, M. N. 

The P'ringe of the Atmosphere and tht Ultra- 
violet Tight Theory of Aurora and Mag- 
netic Disturbance ... \ ... 107 

I 

On the polarised Fluorescence of Organic \ Com- 

pomids ... ••• ••• 349 

Raman Effect in Arsenates and heat of Dissocia- 
tion of AsO ... ... 391 

On the Influence of Foreign Substance on the 

Absorption of the Dyeslafls in Solution . . . 397 

Raniaji Spectra of Coumarius and Chromones ... 439 


On the Absorption and Emission Spectra of 

Rare Earth Crystals ... ... 185 

See ahso Bose, 1). M. 

Oil the Raman Spectra of o-Dii)heuylbeuzcne ... 209 


See Anaud, B. M. 

See Salaruddin, Md. 

See Banerjee, A. C. 

See Bajpai, R. R. 

A note on the maintenance of Electron Emis- 
sion in Cossor Valves after the low Ten- 
sion supply is disconnected ... ... 409 

See Pandya, N. S. 

See Sibaiya, E 

Raman Spectra of Co-ordination Compounds ... 13 

New Measurements of Aluminium Monoxide 
Bands ... ... ... 

The Propagation and the Total Reflection of 

Electromagnetic Waves in the Ionosphere i 

Unusual Solar Activity ... ... 451 


Band Spectrum of Antimony Monoxide ... 145 
Surface Tension and Lindemann Frequency ••• 293 



Author Index 


Vii 


Sivaramakrishnan, M. V. 


Subrahmanyan], D. S. 


Soonawala, M. F. 
Thaes, J. A. N. 


An Improved Form of Vacuum Arc Mercury 
still for I^aboratories 

A Simple Method of Coating Optical Surfaces 
with Aluminium ... 

A New Theory of I^apse Rate ... 

Pressure Waves and Boundary Surfaces in 
the free Atmosphere 
The Internal Pressure in Iviquids ... 

Measurement by means of the Electrometer 
Triode 


Page 

J05 

241 

43 

419 

31 

199 




SUBJECT INDEX 


Subject 

Absorption and Emission Spectra of Rare 
' Earth Crystals. 

Absorption Spectra of Compounds of Phos- 
phorus 

Absorption of the Dyestaffs in solution, On 
the Influence of Foreign Substances on 
the 

Band Spectrum of Antimony Monoxide . 

Bauds of Aluminium Monoxide, New Mea- 
surements 

Band Spectrum of Tin Monoxide, Isotope 
Effect in 

Colour of Paramagnetic Jons in Solution, 11 . 
Fine Structure of the Absorption Bands, 

( )n the f)rigin of the 

Electrometer Triode, Measurements by means 
of the 

Evaporation from liartlien Jugs 

Fringe of the Atmosphere and the Ultra-violet 
Light Theory of Aurora and Magnetic 
Disturbance 

F-region at Allahabad » h'urther Studies of 

Ionosphere, The Propagation and Total Reflec- 
tion of Electromagnetic Waves in the 
lotiosphere at Calcutta, Studies of the 
Ju])iter’s Atmosphere 

Lapse Rate, A New ff'heoiy of 
Linear Extension of reflected Image produced 
by a Surface traversed by Waves 
Liquids, the Internal Pressure in 
Liquid drops 

London-van der Waals Forces between two 
Disc-like Particles, on the 

2 


Autdok Page 

P. C. Mukherjee 185 

Sli-Nawazish All 70a 

Sachindra Mohan Mitra 397 

A. K. vSen Gupta 145 

Delicshchandra Roy 231 


P. C. Mahanti and A. K. 331 
Sen Gupta 

D. M. Bose and P. C. 219 
Mukherjee 

J. A. N. Thaes igy 

Hazarilal ( '• upta and Abinash 305 
Chandra 

•S. K. Mitra and A. K, 107 
Banerjee 


R. R. Bajpai and B. 1 ). 57 

Pant 

M. N. Saha and K. B. 1 

Mathur 

J. N. Bhar 253 

A. C. Bauerji and Niza- 73 

inuddin 

D. Subrahmanyam 43 

F. C. Auluck 32J 

M. F. Soonawala 31 

L' D. Mahajan 299 

G. P. Dube and H. K. Das 411 

Gupta 



X 


Subject Index 


Subject 


Author Page 


Miiintcnaiicc of Ulcctron Emission in Cossor 
Valves after the low Tension supjjly is 
(liscomieoted, A note on the 
< Iptical Surfaces, A Simple Method of Coating 
with Aluminium 

Parabolic Wire Reflectors, An Experimental 
.Study with Wave-length of about 3 Metres 

Pianoforte String and the Hammer, Dynamics 
of the, J’t. TII. (( leneral Theory) 

Polarised Fluorescence of Organic Com- 
pounds, On (he 

Pressure Waves and Uoundary .Surfaces in the 
free Atmosphere 

Raman Sjiectra of Co-ordination Compounds 

Raman Effect in Camphor, On the 

Raman .Sjiectrnm of o-Diphenylbenzene, On the 

Raman .Spectra of Diphenyl in (he Solid .Slate 
Raman Effect in Arsenates and heal of Disso- 
ciation of AsO 

Raman Spectra of Conmarins and Chromones 

Radioactive Substance, A Weak, 

(preliminary note) 

.Solar Activity, Unusual 

Structure of Diphenylamiue Crystal, Part I 
Sulphur Allotropes, A Study by the X-ray 
Diffraction Method (Part II) 

Supersonic Velocities in Gases and Vapours 
Suifaco Icnsion and Eindeniann Frequency 

’'■"insmutation Function for Deuterons, 
rt. Note on the 

\ ill uum Arc Mercury sliil for Eaboratories, 
An Improved Form of 


N. S. Pandya and P. D. 

409 

Pathak 


M. V. Sivaramakrishnan 

241 

A. K. Dutta, M. K. Cha- 

,167 

kra varti and S. R. 

1 

Khastgir 

\ 

Mohinimohan Ghosh 

2^7 

Sachindra Mohan Mitra 

M9 

D. S. Subrahmanyum 

419 

Bholanath Roy 

13 

11. M. Anaiid and S. Narain 

159 

S. K. Mukerji and S. Abdul 

209 

Aziz 


S. A. Aziz 

247 

S. M. Mitra 

391 

(Miss) Aseeina Mookerjee, 

439 

and Jagannath Gupta 


Rajendralal De 

407 

Md. Salaruddin and B. G. 

451 

Narayan 


Jagattaran Dhar 

27 

S. R. Das and K. Ghosh 

91 

S. K. K. Jatkar 

445 

E. Sabaiya and M. Ranta 

299 

Rao 


P. L. Kapur 

87 


M. V. Sivaramakrishnan 



1 


THE PROPAGATION AND THE TOTAL REFLECTION OF 
ELECTROMAGNETIC WAVES IN THE IONOSPHERE 

By M. N. SAHA, D.Sc., F.R.S. 

AND 

K. B. MATHUR, M.Sc. 


ABSTRACT. A critical review is given in this article of Prof. S. N. Bose’s paper 
published in this journal. It is shown that when the collision frequency is taken to be zero, 
his method gives us the same rcsulj:, for the propagatum of wireless waves as that of the earlier 
workers. The conditions of reflection which he has deduced for the case where collision 
cannot be neglected appear to require revision. 

The propagation and the total reflection of electromagnetic waves in the 
ionosphere has been the subject of numerous investigations within the last ten 
years, a full bibliography of which is given under the references- A critical 
review of these papers shows that there are many points connected with this 
problem which have not yet received adequate explanation. In his pioneering 
work on the magnetoionic theory, Appleton (1932) did not actually solve the rele- 
vant Maxwellian Equations but expressions were obtained for the refractive in- 
dex from a calculation of the dielectric constant of the medium, which is supposed 
to consist of a number of free electrons and ions. The displacement of these under 
the magnetic field which is limited by collisions with neutral particles and positive 
ions constitutes the displacement current, which is necessary to calculate the 
complex dielectric constant. Appleton’s method is usually known as the ray 
theory of propagation of the electromagnetic waves. The refractive index comes 
out in general to be a complex quantity and has two different values depending 
upon the state of polarisation of the wave. Further it is a function of the 
electron concentration and collisional frequency, both of which arc functions 
of height. Consequently the wave equation becomes too complex for solution. 
From the analysis, it follows that the original wave splits up into two 
' ordinary and extraordinary, which are propagated with different velocities, as 
in a doubly refracting medium. He supposes that in the case whefl collisions can 
be neglected, the wave gets reflected from the layer where the refractive index 
becomes equal to zero. This enabled him to obtain the conditions of reflection 
involving the electron concentration and the frequency of the wave, which are 
qow. well-)icnown and have received verification at least iu the case of the F*layer. 
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A number of other methods has beeu proposed of which we may mention 
that of Fdrsterliiig and Lassen (1933), Saha, Rai and Mathur (1938) and that of 
Hartree (1931) developed further by Booker (1935). The works of these authors 
lead to the same value of refractive index as that of Appleton, though originally 
they aimed at obtaining different results. 

Recently Prof. S. N. Bose (1938) of Dacca has tackled the same problem by 
the method of characteristics, used for wave propagation by Hadamartl, Debye 
and others. He confirms in general the conclusions of the previous invi^stigators 
when collisions can be neglected, but gives new results when the Collisions 
cannot be neglected. His results arc, however, expressed in rather unfamiliar 
symbols, hence it is difficult to compare them with those of earlier workers and 
apply them to the elucidation of outstanding problems. I'he object of this paper 
is to examine his methods and results critically, to express them in a language 
ea.sily couijuehcnsible to workers on the ionospheie, and to find out how far the 
re.sulls obtained are new. 

As we have to make a constant comparison between Bose's paper and the 
pr.pcr previously published by Saha, Rai and Mathur as well at. those of other 
workers, we will refer to the latter as paper 1. 

1 he fundamental equations for propagation can be written as 


- - Curl H = - 

c (i>t /• 


... (i) 


I dH , „ , 

7 7 t Curl Iv =0 


... (2) 


Div H =0 
Div E =p 


••• (3) 


- (4) 

These equations may be compared with (I'l) of paper I. Bose has used E. 

while in paper I. D was used. But D= RE + P. K = i, and P^NeV, 
wlicic V is the velocity of electrons p is Ihere^fnr^^ fii« /i- i 

fOT. deuoW by Bose by the symbol « For r V “ 

tvehaveu«.<l. The CXt^ „ , “ 

thoee ol Booker ' tL mIZ ?T T «>' “ 

1 he equations satisfy the conditions of coiitinmty 


f + Div(FV)=o 


- ($) 
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Let us now suppose (see Bose, p. 122) that every quantity vary as e® , where 

S is the phase. For a plane wave 

„ , (lx + my + nz) 

S=tp t ^ 

where i> is the pulsatance = 2;:/, / being the frequency of the wave, (1, m, n,) 

direction-cosines of the wave-normal, g= refractive index. In general, 

and q may be functions of (.v, y, z). Anyhow, no limilalion is put on the form 
of S except that it is a function of (.v, y, c, '). Then the above equations 
reduce to 


iE-(ASxH) =- i- 

... (i') 

c c 

5 -H+(ASxE) =0 

... (2') 

-¥ -*■ 

(AS . H)=o 

... (3') 

(AS.E)=P 

... (4') 

Sp+ (P. AS)=o 

... (s') 

Here the supposition is that if E=Eoc® , Eq is a 

slowly-varying function of 


ix, y, z, t), i.e., 

EoS»-^. EoS,» 


From (2), by scalar multiplication with H, wc have 



-> ■* 

(E.H)=o 

... ( 6 ) 

From (i), by scalar inultiplicatiou with H, we have 



(P .H)=o 

... (7) 

(4)1 (6)i (7) show that 

E, P, AS are all normal to H, and hence lie in the plane 

perpendicular to H, 

But neither E, nor P are in general normal to 

AS, but 

from (i) we have 


... (8) 


— (SE+ P) = (ASxH) 
c 

-V 



i.e., the vector SE + P is normal to both AS and H« 
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To find out P, we take the equation of motion of the electrons and ions. 
Let the displacement of these particles due to the radio-wave be 
Then the equation of motion is 


mu= eE-^M + - {uxh) (g) 


Ihis is a vector equation, identical with equation (1.3) of our p^cr I, and 
equation on p. 131 of Bose. Now we have 


P«=New, r=NeM 


Hence replacing u by P/Nc, we have 


P-l-vP = ^i£l JJ+ 
m 


h) 


... (10) 


->■ 


Or using the symbols in (1.4) of paper 1 and putting P = Pne® 


we have 
where 


(S + v)P = 


, Pi ='^ 

VIC ^ 


This IS a vector equation and is equivalent to three different equa 


... (10') 


equations. 


the equation or proi-agation 

Multiplying (20) by AS vectorially, we have 


s 


-> -V 


(As X H) -t As X CAS X E) =( 






(ASxH;=-i(SE +P) 


since 
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Here A*S means (AS)®. We have 


-► 

^ -A^sj E+^+ AS=o 


... (ii) 


Now making use of the equations (5) and (10), we get the following vector- 
equation in P 


P vS^I 

c 




C2 


^.-A^S 

c® 

(S-t-v) P~(PX^,.) 


vS 


■. (12) 


This is equivalent to three equations, and the operations whicli we have 
carried out here is similar to those in § 2 of our paj^^er I. 

The three vector equations (12), can be written out in a form more conveni- 
ent for work by introducing some fresh notation. Here we ai'e closely following 
Bose’s procedure on pp. 137-138 of his paper. 


We put 




p[S)=SiS + v) + p^ 




vS(S + v) + l>g 


(13) 


+ P§ A^S 


= ^(S) p{S) + p^ A^S 
{12) can now be written as 

f 

-V ^ -V 

E(S)P - S ir(f5) (P X V„)=^pl AS (P. AS) 

Writing out in full, we have 

P*[E(S)-f)§ S®] +P,[T,-vS.S„ f'§]+ P.t-T,-S,S,^g]=o 
Px[-T.-S,S.i>§]+P,[L(S)-f)eS?]+P,[T,-S.S,i;g]=o 
P.[T,-S,S.f>§il + P,[-T.-S,S.i.§]-P.[E(S)-SM=o 
where T=(T„ T», T,) = -S ^(S) pn 


(14) 


(15) 


Since the equations hold simultaneously, the determinant of their co-efficients 
vanish. From this condition we get after some work 


L?(S)-E»(S)A®Si)§ + US)S®g®(S)i>‘^-S®g®(S)^§(AS-f»»)®=o ... (i§) 
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Now ('AS.i>„)=/>^ AS.cosa. 

where a is the angle between Pu the direction of the external magnetic field, 
and AS the wave normal. Fm'ther, since 

F(S)-i.g A 2 S = g(S) p[S) 


we 


find that g(S) cancels out as a common factor. Kquation (i6) redupes to 

7>(vS) l/(S)-S^ g(vS) pj, L(S)-S“ g(vS) pi pi A^S cos 2 a=o \ ... (17) 

(i6j and (17) arc identical with the equations given by Bose on p. 142. 


Bose points out that from equation (17), we can calculate the value of the 
refractive indices. As (17) is a quadratic equation we get two values for the 
refractive indices, qj and qa- Hut b® does not proceed fuithcr to find out the 
actual values of qj, and q2, and compare them with the results of earlier investi- 
gators. This we now proceed to do, and we shall show that w'e get the same 
value for qi and qs, as obtained on p. 63 of paper 1 for the o- and x-waves. 


Tet us put 


,=lL 4 ‘y_ and S= 


ip 


This is equivalent to taking 

S--ipi 



q{ldx + indy + ndz) 


and for vertical propagation 

S^ipt T 



Now (ql, qm, qn) may be any functions of [x, y, z) ] q may be called the 
refractive index, p S is constant, and prescribed by the conditions of the 

I 

experiment. Tfien it can be easily verified that if we put 


i-g“ = x, = r=p%lp'^ 

we have for vertical propagation, i.e., S,=S, =0, S, = 1, 

L(S) = -^^ (r-x/3) g{S)=-il x p{S)= p^(r-p) 

c 

and equation (17) reduces to 

C'x® + a;r[ 2 / 3 (/ 3 -r) + w2 sin ®ci] -r2(r-j8)=o 
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Here C' is the quantity 

C'=/ 3 (j 8 ® — <i)®) — t(/ 3 ® — u)® cos®a) 

defined in equation (2.18) of paper I. 

It can be shown after some work that the roots of equation (18) are given by 

... (19 


We get from (ig) 

C'g® = (r - 18) (u, ® + 7/8) - sin®a 

2 

If we neglect collisions, i.c., pul /i=i, we can easily deduce that (20) reduces 
to the values of Qo and yx given in (3.10) of paper I. Hence we have proved 
that for vertical propagation, Bose’s treatment gives the same result as that of 
earlier workers. 


.± 


— cos®n 


. ■ . (20) 


C\-=C'(i-g®) =-ri3(r-/8)-^'^“ sin®a 


± \/i + 


C 0 IS I T I C) N S !■' O R R E F Iv K C T I O N OF 'J' II E E. M. WAVE 
F R O M T H E ION ( ) R I> H E R E 

I,et us now critically examine Bose’s work as far as it deals with the 
conditions of reflection of the o- and x-waves from the ionosphere- In the 
original treatment of Appleton, it was supposed that the waves get reflected 
when q, the refractive index, becomes zero, in the cases where collision fre- 
quency can be neglected. This gives the well-known conditions of reflection. 


o-wave 


x-wave 


Ne® 

m 




Nc® 

m 


p'^±pp>. 


(21) 


It is supposed that the reflection represented by + sign does not occur, as the 
x-wave gets totally reflected from a lower height corrc.sponding to the negative 
sign. Under these suppositions, we should have for Allahabad for /=4 
Me. /sec. 


/?-/?== ’65 Mc/sec. 
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While this has been verified in general. Pant and Bajpai (1937), at Allahabad 
obtained 011 several occasions, difference of a quite different order : it was 
found that for /=4 Mc/sec. 

/? -- f c = '14 Mc/sec. 


This was explained by R. N. Rai (1937) the idea that waves ^re returned 
from the ionosphere, when their group- velocity of propagation becomes zero. 
From this, he deduced wjheii collisions can be neglected, in addition to the 
Appleton conditiem, a new condition of reflection 1 


Vi 


.2 p^-p 

p'^-p^ 



(22) 


This gives us exactly 


/c ” /‘r —*14 Mc/sec. 


Thus the new condition explains completely the result obtained by Pant 
and Bajpai. 

The question now rises: Both Appleton’s criterion (ci = o), as well as 
that used by Rai (group- velocity =0) are, at best, assumptions. Can they be 
substantiated as direct deductions from theory? Further, when the collisional 
damping cannot be neglected, what will be the condition of reflection? This 
is the problem whicli Bose sets about to solve. Ilis procedure is as follows ; 

By squaring equation (2), we have 

H'*-(AS X E)2 = (aS)^ E'^-CAS . E)'-* 


Heuce 




c^Af^S 


^AS.E)^c2_ 




= q^ii—CQS^O) 


(23) 


where 6 is the angle between AS and E. In general, ^ is a definite quantity. 

Bose has assumed that reflection takes place when li = o or when E becomes 
parallel to AS. These conditions reduce to q=o and q = (x> respectively. 

From (23) we have 

li = o wheu g = o 

and E=o when q=oo 

The propagation loses its wave character either when H = o, or E^o. We 
can therefore suppose that the wave will be reflected either when g = o, or' g=cv>. 

The former gives us the conditions of Appleton (equation 21), and’ the latter 
gives us Rai's condition. 
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Bose has further tried to obtain more general conditions of reflection when 
damping cannot be neglected. (Kquationson p. 13a, 133 again on p, 139 and 
140.) His condition for the o-wavc is 


±iVf’§-vV^4 

dt 2 

He concludes that from this the train totally reflected has the form 


Rxp 




- t±xV^o“''®/4 t 
2 


] 


and puts 




This takes the place of — po for the o-wave. 

vSimilarly he obtains results for the x-wave on p. 133. I 35 , which take the 

place of 

Po=P^ ±PP’i> Po=P^-^2^^ 

These results obtained by Bose are equivalent to putting the complex values 
of q for the o and x-waves given by formula (20 ) equal to zero and infinity. 
This is shown in Appendix (i), and the work is due to Mr, R. N, Rai* 

But it is difficult to agree with this procedure because when q is complex, 
the conditions of reflection are no longer given by cither q = o, or q=(X)‘ 

ck 

For in general, when q is complex we can put q=ti- + i ^ 

and it has been shown, that we have for the quasi-transverse as well as quasi- 
longitudinal regions 


-l-X 


^^=4 |v'x‘^+^ ® - X I 

jvhere X and Y are function of electron-concentration, and collisional damping. 
Kor the o-wave in the equatorial region, we have 

_ r —JP— 

‘ I + 82 


(as) 


2 1 2 

The forms (25) show that and can never be negative. This is at 

once clear if one looks at the curves drawn for various values of v, and r 

z 
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by M. Taylor (1938) and Goubau (1935). For the o-wave it is found that for 
a fixed value of v, m gradually decreases with r, and ultimately takes a small 
value ^^o, and varying very slowly- For the x-wave, the first pait of the curve 
is similar, but then 1^ rises abruptly, reaches a steep maximum at the point 
corresjjonding to and then drops out very much as in the //.-curve for the 


o-wave. 

Hut it should be emphasised that these curves give no idea pf the actual 
variation of with a, because is a function of N (the number of electrons), 
and V, the collisional damping, both of which vary continuously ^ith height. 
For finding out the actual variation of with height, w'e cair'^ adopt two 
procedures— we can take a number of curves of the type drawn by ^loubau or 
M. Taylor for varying values of v, plot them on cardboards, and then cut the 
cardboards along the curves. These may then be arranged in a three-dimen- 
sional array, behind each other, so that X-axis corresponds to N, the Y-axis 
to V, and the Z-axis to //^. We have then to take a section through the three 
dimensional iirofile of the //^-surface, corresponding to the actual conditions 
in the atmosphere. i 

The other procedure w'ould l:e to plot //‘^-values taking some theoretical 
values for !■ and N, the electron concentration. N can be calculated from Chap- 
man’s formula for a simple region which has been shown by Saha and Rai (1938) 
to hold lor the general case when radiation need not be monochromatic and v can 
be calculated from the kinetic gas theory, by taking T= constant, or T varying 
according to some assumed law. 

In general, //^=i in the non-deviating region, and variations will occur only 
in the deviating region. The curve will be usually smooth, but may show 
sudden fluctuations when we pass through irregular banks of ions or electrons, 
such as may likely be produced by minor causes. When we come to the 
simple region, //'■* will vary continuously from unity to a small value, depending 
on p. These calculations are being carried out by the junior author. 


These arguments tell us that both /t^ and 


2 7,2' 


c-^k 


the real and imaginary 


parts of Q, are essentially positive, and they can be zero, only in the ideal case 
when li, the colh^siou frequency is zero. Hence it is not possible to put 9 = 0. 
and deduce any condition from it. In the same way, we cannot put 9=(X), 
when q is complex. 
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APPENDIX I 

Kquation (20) can be written as 


C'2o‘-^ = t(«>2 + /3i)-!:“‘ sin'^a 

2 


I— I + 


4 f’^ CQs'^a 


Where 

Now 

When 


rw" ■ 2 

sm^a 


j 4, V^i+ 




qo^ — o 


Di- 

or 

or 


i=o 
r — P — o 
p'^-ivp-pl = o 

iv 


P— ~ ± 

2 


Therefore the critical frequency is given by 


(0 


in) 


^c = \/i’§-v 2/4 


(Hi) 


or 

or 


qt = o when 

±w 

p^-ivp-pl ±pph-o 

if-*. 

2 2 


{2 = 0.2 


putting 
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we have 


where 


a= 


4 


4 4 

The critical frequency is given by 


4 4 2 

= {a + ib)^ 

■Pi 


b? V® o \!l 

• +/)U V 


" +/’§ +-^-^ 


p “,_ 

4 4 


Pc—0,^pl,l2 

Qo and g? are equal to infinity when 

C'=o 

or ^ — ( 0 ®) — r(/3® — w® cos®a) = o 

After simplification and rearrangement, wc have 


[{ip+v)^+pi ] 


which reduces to 


P ’^Ph COS^a 


... (v) 


.. (nt) 


when v=o 

Here we sec that the conditions (iv) (v) (vi) are the same 
by Bose. 


as those obtained 
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RAMAN SPECTRA OF CO-ORDINATION COMPOUNDS 
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Plate I. 

INTRODUCTION. 

In the presient paper is re])t)rtcd an investigation of the Raman si)eclra 
of two co-orcliiiation compomids, (Pt(cn)3] Cl^ and [Pt(en).2] Cla, where cn 
represents ethylene diamine having the formula CaH ilNHajg, with the object of 
verifying some of the ])reclictions of the (luantum theory as to the nature of the 
co-ordination bonds in such compounds. We shall give in the introduction 
an account of the co-ordination eomi)onnds first studied by Werner and of 
the various theories proposed to account for their structure culminating in 
the (luantum mechanical theory of sucii bonds proposed by Pauling, A 
typical example of the so-called co-ordination compounds of Werner is 
[Pt(NH3)() ICI4. Here the Pt atom is capable of holding not only the four 
chlorine atoms by its elcetrovalency, but it can also further combine with 
six of such apparently stable molecules like NH3. In solution all the four 
Cl atoms arc found to be ionized while the six NH;h molecules are found to be 
attached to be the central atom by noii-ioriizable bonds. The characteristic 
properties of such complexes have been summarized by Midgwick as follows 

1. Their structures appear so be quite independent of the rules of valency 
according to which the numerical value ol the valency of an atom element 
is primarily determined by the group in the i)eriodic table to which it belongs. 
Ill these compounds the structure is determined rather by the tendency of 
four or six atoms or groups to arrange themselves round a central atom. 

2. In them a univalent atom or group of atoms, such as Cl or NO can be 
replaced by apparently saturated molecules like H2O or NH 3, without affecting 
the stability of the complex. 

3. Such replacements are always accompanied by a change in the ionization 
of the molecule. Thus, taking the above complex compound [PtiNHsleJC^, we 
find that the NH3 molecules can be replaced one by onp along with the diminution 
in the number of the Cl ions in the outer group until [PtiNHalaC^] is reached 
which is neutral. Here every NH3 molecule in the complex group PtfNHs) e 
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is leplaced by a Cl atom with a consequent diminution of the positive charge of the 
compound. Further rcjjlaccmcnt of NHn molecules by Cl makes the resultant 
compound negatively charged. Finally we have the double salt KaPtCIo if the 
later stage of l eplacements by Cl ions is eflcctcd by KCl .solution. 

Werner^ proposed to explain the.se phenomena by assuming that round the 
cenlral atom of the complex there is a tendency for groups of atoms qr molecules 
to attach themselves in definite numbers (usually six, sometimes foilr or eight). 
'I'liese grou])s occupy the first co-ordination sphere of combination o^the central 
alum, and togetlier with the latter feum a co-ordination complex ; the complex 
molecule might also contain other atoms or groups occupying a second sphere, 
which are less firmly attached, e.g., in the above-mentioned compound, the NH3 
molecules are attached to the first sphere of Pt and satisfy the co-ordination number 
six, while the four Cl atoms are attached to the second sphere. Kxperimenlally 
the groups attached to the second si)here were distinguished by the fact that they 
were ionized by water, while those forming part of the co- ordination complex were 
not. I.,ater X-i ay analysis'^ of the crystalline structures of some of these co-ordi- 
iiation compounds of platinum confirmed Werner’s theory. * 

Werner himself did not give any picture of the nature of the forces which 
held the groups of atoms to the first co-ordination sphere. Kossel, who had 
successfully explained the formation of polar compound by electrical forces 
tried to apply the same ideas to explain the formation of complex molecules. 
But his views were generally not accepted, and so it is unnecessary to go into 
the details of his theory . 

Fater Sidgwick'’’ gave a new interpretation of the nature of the bonds which 
hold atoms or atomic groups to the first co-ordination .sphere of the central atom. 
According to modern electrical theories only two kinds of bonds are possible, 
'Viz., electrovalent and covalent, the one due to the transference and the other 
due to the sharing of electrons between two atoms — the former is ionizable, the 
latter is not. .Sidgwick supposes that the co-ordination bonds being non- 
ionizable belong to the latter type. But they must arise in a way different from 
the ordinary covalent bonds, since their number is not related to the periodic 
group of the central atom, and they can combine with atoms (like N in NH3 or 
() in OH2) which have already completed a stable number of electrons. In the 
normal covalency it is assumed that each of the two atoms contributed an electron 
to the link. Sidgwick extended the idea by supposing that both the electrons 
may be provided by one of the atoms. According to him the conditions for the 
formation of a co ordination link are that we should have : (i) one atom which 
has a pair of valency electrons to offer, and (it) another which has room for one 
or more pair of electrons in its valency groups. He called the former atbin the 
douoi and the latter atom the acceptor. 

As an example of such formation he considered the combination of NH3 with 
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BCI3. Ill the former the N atom, which has live electrons in its valency group, 
of which three are shared ivith the three H atoms, leaving a pair of electrons to 
share, is the donor ] in the latter the B atom which has all its valency electrons 
shared with the three Cl atoms, and has two vacant i)laces in its valency group, 
is the acceptor. Their combination was represented thus : 

Cl H Cl H 

Cl : ii-H : N : II = C 1 : B : N: H. 

Cl ii Cl ii 

In this compound the atoms B and N assume a maximum covalency or co- 
ordination number of four, and round each an octet valency shell is completed. 

We can consider the ai^plication of Sidg wick's theory to the case of regular 
co-ordination compound like [Cr(NII;J(;]Cb}. Here the Cr atom stripped of its 
three valency electrons forms the ion Cr^^ ^ with a stable core of 21 electrons (of 
which three are in shell). It has no valency group left and the core is stable, 
as proved by the stability of the chromic salts. This ion can form a series of 
co-ordination links with NH;^ molecules, in the following way — the N atom has 
five electrons in its valency group of which three are shared with the three H-atoms 
leaving a pair of electrons free to form co-ordination bonds with the central 
atom. It is assumed that in the case of these types of coiiij)ounds the stafilc size 
of the valency group is 12 as opposed to 8 in the ])revious case considered, and 
therefore 6 molecules of NH 3 will be taken up. In the case of one of the NH3 
molecules being removed from the first co-ordination sphere, it takes away with 
it the two shared electrons which it contributed ; the Cl atom which replaces it 
moves from the second to the first co-oidiiiation sphere. It can only supply one 
electron to the link, the other has to be supplied by the central atom. Thus the 
electrovalency of the latter is reduced by one, giving instead of [CriNHa)^] 
the ion [Cr(NH;;)5ClJ or the .salt [CrlNII;3)r,Cl]Cl2. The same change would 
occur for every replacement of a whole molecule in the complex by a univalent 
radical. Thus the peculiar change of electrovaleiicy noted by Werner in this 
class of compounds is explained. The chief assumption in the above theory is 
of the existence of a stripped atom with a stable core round which a new valency 
shell of 12 electrons can be formed by six stable molecules sharing pairs of 
electrons with it. In case one of the latter is replaced by a univalent radical, 
one of the shared electrons is supplied by the central atom. Besides Cr'"^'^ 
other ions of elements belonging to the various transition groups like Fe‘‘*‘, 
Co^^^, Ni^^, Pt^ etc., form stable co-ordination compounds. 

On this interpretation of the co-ordination bond, Bose^ proposed an empirical 
rule, known as Bose-Sidgwick rule for calculating the magnetic moments of 
complex compounds. vSidgwick*^ has defined the efiective atomic number 
(E.A.N,) of a central atom thus : To the atomic number of the element are 
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added all the electrons shared with the attached atoms or atomic groups (in every 
strictly covalent or homopolar bond, c.g , like CN’, Cl, OH, etc , the number 
of shared electrons is one, and in every co-ordination bond, e.g., with molecules 
like NHh, HflO, COa, etc., it is two)- The original complex is usually an ion, 
and so we add to this the number of its negative electrovalency (if electronega- 
tive), or subtract from this its positive elcctrovalency (if elcctrop(j>sitive) . The 
number thus obtaine<l is called the effective atomic number of the central atom. 
Hose-Sidgu ick rule now runs thus : If the E. A. N. of the ccntral\atom be Z', 
and the number of electrons in the next inert-gas configuration be(Z, then Z-Z' 
measures the magnetic moment of the complex in Bohr magnelbus. This 
rule has l)een found valid for a large number of co-ordination compounds belonging 
to the transition group of elements. In certain cases it is found to fail, e.^., 
I Eelll ) ! has the same magnetic moment as the anhydrous Fe,SO., though 
according to the above rule it ought to have been diamagnetic. Here it is supposed 
that in [I'e dHaO] the foice between the Fe' Mon and the water molecule is 
of a purely electrostatic nature, and constitutes the so called ion-dipole bond. 

In a subsecpicnt paper Bose ^ gave a detailed picture of how in such 
complexes, the siiin moments of the unpaired electrons of the co-ordinating atom 
are neutralised, Starting with the double cyanides of the iron group he showed 
that the following complex cyanides are all diamagnetic, i.c., in them the 
unpaired electrons in the third shell of the central atom have been neutralised by 
forming covalent bonds with free electrons of the associated (CN) groups. 


Unpaired clcrlrfai.s in the 3d shell.s of the 
central atom. 


KrCulCN)a^K+, Cu (C^Nji 
Ka LNi(CN)4]— >2K.+, Ni atQNj) 

KarCo(CNtc|-^3K'. Co 3(Ci!N2) 

In each ca^^e it will be seen that there are as many (C2N2)" groups attached 
to the central paramagnetic atom as there are unpaired electrons in the 3rd shell of 
the latter. That these form covalent bonds is shown by the Raman spectra 
of solutions of many of these complex cyanides, whose frequencies vary from 
300 cm."' to 700 cni.“’. Further in them the single frequency of the (CN) group 
alters in number and iii amount, which speaks in favour of the existence «flhe 
(C2N.2) group.'* On the basis of this observed fact Bose has developed a theory 
of the nature of the valency bond betw'een the central atom and the associated 
groups ill all cla.sses of co-ordination comirounds, which to a certain extent gives 
a detailed picture of Sidgwick’s theory of co-ordination bond. 
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Tlic above theory, however, only gives information about the nature of the 
chemical bond in co-ordination compounds, but it says nothing about the arrange- 
ments of the attached atoms or atomic groups in space surrounding the central 
atom. Also the theory is empirical, and is iu)t based on any theoretical foundation. 

For some years past attempts have been made to obtain a quanUini -mecha- 
nical interpretation of the covalent bond, and tliereby also to account for the 
spatial arrangements of different attached atoms or atomic groups round the 
central atom. Heitler and London^ were the hrst to give a satisfactory quuntuin- 
mecJianical picture of the nature of the covalent bond in the hydrogen molecule. 
They showed that a covalent bond is formed by two electrons belonging to tw^o 
atoms entering into a covalcnl bond moving in a binuclear orbit with anti-paralled 
spins and therefore with zero magnetic moment. Pauling applied^’ this to the 
interpretation of covalent bonds in [)olyatomic molecules. He showed that in such 
molecules in which llie attaclied atoms are monovalent, electron-pair bonds equal 
ill number to the valency of the central atom are formed due to directional pro- 
perties of wave-functions avssociated with different valence electrons of the central 
atom. These individual wave-functions project out in particular directions from 
the central atom and so have especial affinity for the attached atoms located in 
those, directions. 

Pauling showed that an .s-electroii can give rise to no directional effect, while 
the /5-electron s can give rise to three wave functions /?(r, pv+, /jtt- which project 
markedly along directions which are mutually perpendicular to one another. Such 
directional properties of /j-wave functions go to explain the structures of HjiO, 
NH;^ molecules. In the case of the carbou atom (is'^ 2 . 9 '^ 2 />^), it is assumed that 
for the purpose of foniiiiig quadrivalent bonds that electrons on the outer shell of 
carbon are distributed in 2S2p'* orbits. Pauling showed that it is possible to form 
four linear combinations of these from sp'^ 7vavc-fu}ictions (sp'^ hybridization) 
resulting in wave-f unctions which project along directions which make tetrahed* 
ral angles with one another. vSucli wave-functions are peculiarly suited to account 
for the tetrahedral bonds of the carbon atom, c.g,, in CH^, CCl^, etc. Pauling 
then extended his theory to the case of transition- group elements, which have the 
characteristic that the outer valency groups (eg., in the case of the first 
transition group) are augmented by the addition of unpaired inner 3 d electrons 
so that d-wave functions also come into play. He showed that in addition to 
sp^ hybridization giving rise to tetrahedral bonds, new sp'^dy^ wave-fnnetions 
suited for attaching six corner atoms octaheclrally arranged (i.r., at the six face- 
centers of a cube at whose centre the central atom is placed) can be formed- This 
is in agreement with the experimental fact that co-ordination numbers of six 
associated with octahedral arrangements arc particularly characteristics of the 
transitional elements. It may be noted in passing that such an arrangement is 
usually the case also when six atoms or atomic groups are distributed round a 
central atom without giving rise to covalent bonds, r.g., in the case of a hydrated 
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crystal, the metallic ion is usually surrounded by six molecules of H2O arranged 
octalicdrally. Such ion dipole bonding does not come under the present 
theory. Pauling also shows that in addition to the tetrahedral bonds due to 
sp ' combinations four bonds all in a plane and conesponding to the four comers 
of a square can be formed by sp'^dy hybridizations- 

The basis of Pauling’s theory of the co-ordination bond is tljat the central 
atom has directional wave-functions respectively along six and four special direc- 
tions, along which are present an equal number of atomic groups each with a 
free .s-electrou. Thus re.spectivc]y six and four cc-ordinatiou bonds arc formed, 
each containing one electron contributed by the central atom and ihe other by 
a co-oidinatcd group. To illustrate, let us take, (i) K;iCo(CN),i, which dissociates 
into 3K', [Co {CN)gJ- Co has nine electrons (outside the closed 2S^ 2//' 
shell) and leceives three electrons from the K atoms (this is the weakest 
part of Pauling ’s theory in which it is necessary to as.sume that the metallic 
atom can receive uj) to four additional electrons); further six electrons are 
contributed l)y the (CN) groups, giving a total of 18 electrons. But of 
this 18, 12 go to form the sp^dy- bonds, leaving 6 electrons which 
arc housed in the dy'^ orbits in pairs and thus completely neutralising 
the paramagnetic moment of the complex, (ii) Kg [Ni{CN)^] dissociates 
into eK'’’, [Ni ~(CN)^J ; the total number of available electrons is, from 
Ni "12, and 4 from the 4 (CN) groups. Out of the total number of 16 
electrons, 8 go to form thq four pairs of convaleut bonds, while the remainder 8 
arc housed in the 3d shell of Ni. If the bond is tetrahedral (sp^), the S electrons 
in the 3d shell of Ni will give rise to a paramagnetic moment of 2 Bohr’s mag- 
netons, which is contrary to experimental results. 
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Pauling therefore boldly predicted that the bond is tetragonal isp'^dy), in which 
there are only 8 free places available in the 3d shell of Ni to house the remaining 
8 electrons, so that the resulting complex is diamagnetic. Later X-ray analysis 
of the structure of Ba.[Ni (CN)*] has verified*^ Pauling’s prediction. 
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Pauling *s theory in spite of certain questionable assumptions, is capable 
of i)redicting the arrangement of (CN) groups in the complex cyanides, but it 
fails to account for the diatnagnetism of certain complex hexaniinc compounds 
like [Co (NH;i)f; lCl;i, [Pt (NH;;)(;]C1^, etc., in which according to Bose-vSidg- 
vvick rule each NH;^ molecule contributes two electrons to form a co-ordination 
bond with the central atom. If we suppose that each NILi molecule, which is 
diamagnetic, contributes only one electron to a co-ordination bond, the rest 
molecule wiU become paramagnetic, and therefore the conqdex cannot be dia- 
magnetic. Van Vlcck^ has shown that it is imssible to realivSc all the results 
predicted from Paulingks theory, from the theory of molecular orbitals as deve- 
loi)ed by Hund, Mullikcn and others, without making any doubtful assumi)tion5 
made by Pauling, and also* without postulating the existence of directed electron 
l)air bonds. This theory is sulTiciently general to include the case of jmrcly 
electrostatic ion-dipole interaction between the central ion' and the associated 
groups. Though the case of hexaniinine compounds have not been treated in 
detail, it appears probable that further development of mathematical analysis 
will enable the treatment in detail of molecular orbitals in which both the 
electrons come from an associated group. 

So far the verification of the theory of co-ordination bonds has been (/) from 
magnetic evidence, (ii) from X-rny analysis, (ni)froin chemical and optical isomers. 
Tlie assumption of covalent bonds in co-ordination compounds can also be verified 
by the study of the Raman spectra of the latter, which when performed satisfac- 
torily enables us to find out the symmetry of the complex group. 

There have been several investigations of the Raman spectra of these 
complex compounds belonging to the iron group in solutions; of the cyanides 
by Damaschun,' Samuel and Khan ;^ '^* of the hcxamincs by vS. Dntta,^^ 
and Damaschun due to the fact that these compounds are strongly 

coloured, the Raman spectra obtained have never been satisfactory. 

Mathieu * ^ has recently investigated the Raman spectra of two practically 
colourless complexes of platinum, [Pteujt] CI4 and [Pt en.2j CI2, both of which 
are diamagnetic. The Raman spectra obtained by Malhieu, which W'ill be 
discussed in detail later, do not appear to be in agreement with the theory 
discussed above. It was thought worthwhile to re-investigate in detail these 
two compounds and compare the results obtained with the theoretical predictions. 



Figure 1. 
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Both the above compounds are Werner co-ordination compounds. Now it 
is well-kuown that ethylenediaiiiine is a chelate compound, occupying in space 
two positions, it behaves as two independent molecules with a covalent 
link between. Kach (cn) f^roup forms with the platinum a chelate ring, as 
shown below : 

Now Pt has TO valence electrons {sd^ 6 s‘^). Let us now take the case of 
[Ptcn;j] Cld|. As it dissociates in aqueous solution into [Pt en.j * 4CI" each of 
the Cl-ion receives an electron which must come from the Pt atom. \ The complex 
therefore exists in the form [Pt' ‘"^^enl]* Now since the compound is diamag- 
netic, the Pt'^*’*’ ’ ion in the complex must have from Bose-vSidg^dek rule, 18 
electrons in its orbits. Hence the three (eti) groups \^must supply 

18 — 6=12 electrons to the co-ordination, i,c., each (en) group supplies 4 electrons, 

two from each of the NH 2 groups If the six! | ) groups are distributed 

VNHa/ 

octahedrally round the Pt (t.c., at the face-centres of a cube), as shown in the 
diagram, then the bonds must be of sp,^dy^ type which require iz of the 18 
electrons [of these 3 go to the 6.v-shell, 6 to the 6/>-shell, and 4 to the 5d-shcll,] 
leaving the remaining six to fill ihed/'* orbits. This makes the compound dia- 
magnetic, which it actually is. 



FiguH-U 2. 

In the case of [Pten2lCl2 (a case of tetra-co-ordination), Bose-Sidgwick rule 
fails. Owin.s. to the formation of two Cl-ions, the Pt atom loses 2 electrons 
leaving 8 outer electrons on it. To this are added 8 electrons due to co-ordination 
with the 2 (cu) molecules. It has now 16 outer electrons. Then according to 



Figure 3. 
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the same argument as applied to the case of K2 [Ni (CN)-^] it can be shown 
that if the bonds be of type the compound becomes paramagnetic; and if 
of the type, it becomes diamagnetic, which it actually is. Hence the 

attached groups are expected to be arranged at the corners of a squai'c. 

Mathicu studied both these compounds and reported fcnir Raman lines for 
[Pt 011:^] Cl^ and two for [Pteiiy] which as we shall see, cannot be 

explained cither by our theory, or by his theory. 

Fv X P B R I M E N T A h. 

The substances used in the investigations were prepared in the laboratory 
according to methods given for | Pt en;,]Cl 1 by Werner and for [Pt (eiOg) CI2 
by Jorgensen. ^ 

Both the compounds are highly soluble in water. l{ach of them was dis- 
solved in conductivity water to form a concentrated aqueous solution. It was 
then poured into a properly cleaned Wood's tube, bent and drawn out into a horn- 
shape at one end, and i)rovided with a plane window at the other. The light 
from a mercury arc was focussed on the tube l)y a powerful epndenser, and the 
light scattered transversely and emerging from the plane window was limited 
by further apertures to eliminate as much as possible any parasitic light, and 
then focussed by a good short-focussed oi)thalmoscope lens on to the slit of the 
spectrograph. Also some portions of the tube was painted black to cut off all extra- 
neous light. vSuitable screens were placed all around the arrangeniciit to cut off ex- 
ternal light. To improve the illumination a parabolic metallic reflector was placed 
behind the arc, and also a plane mirror behind the Wood’s tube to reflect back 
all the light that ])assed tlirough the tube. 'J'he spcctrograpli used was a 
Hilger two-prisin spectrograph of large light-gatlieriiig power, with the u]'jtical 
parts of glass, and having a dispersion of about 27 A. IJ. per mm. in the region 
of 435S A. U. A bottle containing a 5% solution of i/i-dinitrobenzenc in 
benzene was interposed between the condenser and the tube to absorb the Hg 
lines 4047 A. U, and 4077 A so tliak 4358 A. U. was the only exciting line. 
The scattered spectra were all photographed on Ilford (iolden Isozenith plates 
suitably ‘'backed” to prevent photographic halation. 

For studying the i)olarisation of the [Pt en;,]C]:i, a Wollaston double-image 
prism was interposed between the opthalmoscope lens and the slit of the spectro- 
graph, whereby the' emerging scattered radiation was resolved into its vertical 
and horizontal components. As the power of resolution of the prism is limited, 
the plane window of the Wood's tube was also painted black, leaving only a 
narrow horizontal strip through which alone the scattered radiation could come 
out of the tube. The two components were then distinctly separated, and both 
photographed simultaneously. In this way, the polarisation picture of the 
[Pt euii] Cl 4 was obtained. To distinguish between the two components, how- 
ever, a polarisation picture was also taken, under identical conditions, of CCI4, 
whose complete data are known. 
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R E S IT L 'IS AN I) I) I S C U S S I O N S. 


Thu spcctograins are reproduced in plate I. It can be seen from them 
that lo Raman lines have been recorded for each compound They are given 
in tables I and II. Also the Raman lines obtained with etliylenediamine the 


lines with the same comi)ounds as ob.served by Mathieu are given in the two 


tables for comparison. 

Tahi.e I. 


* 

1 

Ramnnn lines for |l‘l 0113] CI4 

Kuiiiu litic.s for ethvlc 
■ 

nediainine 

(observed b\ 




\ 



Relative 


Relative 

Recorded by 



inteii.silv 


intensity. 

Mathieu. 

Autlior. 

.Mathieu. 





2«S.] eiir* (D) 

250 cm * 

A 




-172 1 . 

4.19 .. 


.'1 69 cni~* 

1 

470 cm"* 

.Sf'i ,, (1*1 

515 .. 

2 



1 

.S9,S » (!’) 

550 n 

A 


# 


,, 

840 , 


«3.3 


.. 

976 M 

r/)0 „ 


982 ,, 

I 


1198 „ 

lOf).] ,, 


JlOO , 

2 

1090 „ 

13.16 » 



1301 u 1 

1 





1352 M J 

I 


1450 „ 


; 1 

1^53 » 

n 

1464 .. 

169J „ 


1 




(v^'atct) 







1 ) = depul nrised. 


r — polfirised. 


Taui^e TI. 


1 

Ramali lines for |l’l eiij] | 

Raman lines for etliylenediamine 

Observed bv 

RelativG 

a 

Relative 

Recorded by 

author. 

intensi Iv, 


intensit}! 

IMatliieu. 

262 ciir* « 

4 




3S7 

I 




469 

T 

469 enr* 

1 

470 enr* 

56« „ 

4 




«75 .. 

0 

833 .. 

0 

850 >. 

1015 .. 

I 

983 „ 

I 


1170 „ 

2 

iioo ,, 

2 

1090 „ 

1316 „ 

1 

X301 ) 

1 




1353 „ ) 

1 


1441 » 

2 

1443 n 

2 

1464 .. 

t6SS .. 





t'vvater) 






* Taken fruni Cbaudhuri, B. K,, Ind. /, Phys., 11 , 203 (1937). 

The values of A*" reported by Mathieu arc 225 rm”* and 525 cm"* . 
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Thus we have obtained for 

[Pteu:/J : Av = 284 ; 561 ; 595 cm”’. 

[Pten2] CI2 : =" -262 ; 387 ; 568 ciir'. 

It may be seen from above that some of the frecjueiicies due to ethylcne- 
dianiitie Iiave been affected by the co-ordination witli Pt. Most remarkable is the 
case of the Tioo cm”^ line which has been shifted to ng8 cm”’ and 1170 cm”’ 
respectively in [PteivJCl^ and [Pt cn^JClo. 'I'he 1 100 cm' ’ line may lie due 
to the mode of vibration of ethyleiiediamine as shown in the figure, because as 
reported by Cliaudhuri,'“‘’ tlie line is highly polarised, and also it is not due 
to the C-C vibration. 


II2C 

/ 

NHa 


NHc 

CH2 


Pir.URK 4 . 

As the Pt is co-ordinated at the tveo ends through tlie two (Nllj) groups, it is 
natural that this frequency should be ad veisely affected. It is also evident from 
above that Mathieu’s obtaining q lines with [PteiiijCl^ is due to his date or 
etliylenediaiiiine being incomplete, as it does not contain the gSs cm”’ line, ainl 
for which reason he assigned the 978 cm”’ line to rpten3jCl4. With 
[Pfcm.j]Cl2 he obtained only two lines; probably he did not give sufficiently 
long exposure and so a third line which is diffuse and feeble was not recorded by 
him. Also his value of Av differ in many cases widely from tnir values ; for, as 
seen from his [laper, he did not take any comparison spectrum, and so probably 
used a dispersion formula to calculate the wave-lengths, and some error may have 
been introduced in the calculations : in the present investigation an iron-spectrum 
was taken for comparison, and tlie frequency shifts were calculated after careful 
microscoi >ic measurements. 

For an octahedral type of molecule there aie six normal modes of vibration, 
three of them being permitted in the Raman cflcct. Of these one is polarised and 
single, and the other two arc dei)olarised and also doubly and triply degenerate 
respectively. 

This result has been arrived at by Yost, vStehens and Gross/-*’ Redlich, 
Kurz and Roseiifcld,^ “ Wilson Jr,, ’ and also NTagcndranath.--’ All the four 
methods are however different. The former two used the central force method, 
while the latter two used the valence-force potential method. The compound 
[PteUs] 0)4 is however slightly different from the usual octahedral molecule 
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considered by the above authors, for, in this case every two alternate co-ordina- 

CHa 

tiiif? grouiis (the two | in every ethyleiiediainine molecule) have a covalent 

NHj 

link between tliem. Indeed for this reason Mathieu assumed that each (en) acts 
as a single molecrde co-ordinated from its centre of gravity to the central atom, 
whereby lie reduces tlie octahedral model to a plane triangular ^5116 as shown 
below. It will be shown however that \ 



FlGCRlt 5. 

* # 

this assiiiiiptioii is incorrect. 

As mentioned above, three lines Av=^284, 561, 595 cm^ have been obtained 
with [Pt en/J Clj of which the farthest one is strongly polarised, while the other 
two are depolarised. 

Now Yost, vSteffens and Gross from their theoretical treatment gave a relation 
between the three Raman frequencies of an octahedral model, which is, 

From their assignment, iq is expected to be the polarised line, while 
I'a and 1';, refer to the depolarised lines According to Nagendra- 

iiath’s treatment (by the valencc'force potential method) the relation should 
not hold, at least accurately. Actually it does not hold rigorously even for 
Yost’s values with >SFo. Substituting the Raman frequencies of [Pl eua] 
Cli in Yost’s relation we get the value for 561^ + 2. 28-^1 ' = 660-. And 660 is 

greater than the observed value 595 by 11%. The agreement is however not bad, 

♦ 

as even in a freely co-ordinated compound like SFc the disagreement is about 
16%. So [Pt en..,]Cl, should have on the above grounds an octahedi-al symmetry. 
But from Malhieu's triangular model, three Raman Hues are to be expected with 
the same polarisation characters as with the octahedral model, though there is no 
frequency relation in the former. But this approximate validity of the frequency 
relation cannot be regarded as conclusive evidence in favour of the octahedral 
arrangement ; for the deduction of the above relation is based on the as.sumption 
of a pure central force field iu the molecule, which is doubted by many authors. 
The final evidence is however furnished by our results obtained with [Pt enj] CU- 
Jf [Pt Clio] CI2 be a case of tetra-co-ordinatiou, then there are two models possible 
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for it, tetrahedral or tetragonal, of wliich the latter is to be expected from 
our calculations above. In the tetrahedral model, 1 Raman lines are expected. 
In the latter model 3 lines are expected. Again according to Mathieii’s assump- 
tion the model should be linear, as shown below : 



Such a model can give rise to only one Raman line-^ and in fact this is what 
Mathien predicted. Hut he* reported to have got two nnes. Actually we obtained 
with it Raman lines, 264, 3S7, 308 enr b As the spectrum obtained was 

cry Aveak it was extremely diihcult to study the polarisation characters of t<^ e 
lines. As this is not necessary, we did not study it. The 3 lines obtained with 
[Pt eiio] CI2 cannot be ex])lained liy any of the suggested models except the 
tetragonal one. So we have to discard Mathieu’s hy])othesis that an elhylenedi* 
amine molecxde acts as if co-ordinated at one point (its centre of gravity) to the 
central atom. Hence it follows also that Mathien ’s proposed structure for 
[Pt en^jJ Cbj is to be discarded in favour of the octahedral model. 

To summarise our results, it may now be concluded that, 

1. If an cthylenediaminc molecule is co-ordinated to a central atom, then 
it will form a chelate ring, /.c., be co-ordinated at two points, and its tw^o groups 
will vibrate along the co-ordination bonds, independent of one another, in spite of 
the covalent link between them, 

2- 111 [Pt eir,] CI4 the three ethylencdiamine molecules have their six 

fen, \ 

I [ groui^s arranged octaheclrally round the Pt atom. 

VnHo / 

3. In [Pt eiio] CI3 the two ethylencdiamine molecules have their four 
groups arranged at the corners of a square. 

Also the perqdicral groups cannot be held to the central atom by polar 
bonds, as vibrations along such bonds cannot be recorded in the Raman effect. 

This is wc believe the first iiivStaiice in which the quantum theory of co- 
ordination bond has been verified in detail by investigations of Raman spectra. 
Investigations with similar transparent co-ordination conipouiids of the tran- 
sitional groups of elements are necessary to obtain further confirmation. It may 
be noted that these investigations also confirm Sidgwick's hypothesis of the 
contribution of two electrons by an associated group to a co-ordination 
bond. 


4 
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This investigation was undertaken at the suggestion of Prof. D. J], Bose. 
My nraufiil thanks aredue to him for providing roe with facilities for work and 
for many helpful discussions. I am also indebted to Di. S. C, Sirk? ■ for guidance 
during llie experimeiilal portion of the work. 
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It is shown that the results obtnined nre conipntihle with the predictions 
of the theory ot valence bonds in this class of coiiijtomids, which was hrsl 
ck'VL*]r)i)Ltl hy Sicl^^v\ick and later iiiteipretcd iij)on a fjuaiiliini mechanical 
ha^sis by Jkmliiig and others. 
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CRYSTAL STRUCTURE OF DIPHENYLAMINE, PART I 
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ABSTRACT. Goiiionielric iiieasurcmeiits on diphen>lainijic ft ysUils reveal that tliey 
belong to moiiocdiuii: holohcdral class with the following elements : — 

a : b : c = roi : i : 278 

and ^ — 9^ 3^ 

From X-ray measurements the cell dimensions are obtained as Uq ^ i.yo K ; bj, =i vg A ; 
Cfl 3Q\s A wluMice the axial ratio is I’oi : i : 2-8/1. The number of molecules per unit cell 
comes out to be 32. 

I. INTRODUCTION. 

Crystals of diphenyl,’ /)-diplienylbenzene,® f'-diphcnyldiplicnyl,'’ diplienyl- 
etlianc^ (dibenzyl), diphenylethylene^’ (Stilbene), cliplicnylacclylene'' (tolaiie), 
diphenylketone^ (llcnzoplienone), Beiizil,® etc., have been studied for their slrur- 
ture by X-rays and by the method of magnetic” suscejitibility. In all of them the 
benzene nucleus is found to be a planar hexagon of each side i viiX. The mole- 
cules of diphenyl, />-diphenylbenzene and /»-diphcuyldipheuyl conform to a planar 
and linearly extended structure. In dibenzyl, however, owing to the CH2 linkage 
intervening the two benzene nuclei the molecule has a three dimensional sjiace 
structure. Benzil is found to correspond to the structure of dihcnzyl. In vSlilbenc 
the molecules arc shown to liave a nearly planar form in striking contrast to the 
shape of the dibenzyl molecule in which the benzene rings are almost at right 
angles to the plane of the central zig-zag. Preliminary measurements on tolanc 
suggest that it is closely .similar to the stilbene structure. In the Bcuzophenone 
molecule, the two benzene rings are found to be inclined to each other at aI)out 
135® and the carbon atom linking the two nuclei lies at the intersection of the 
planes of the two rings. 

In diphenylamine the intervening linkage is NH and so its structure cannot 
be assumed, a priori, to be similar to any of the structures referred to. A structural 
study of the diphenylamine crystal is expected to throw some light as to how this 
intermediate linkage of atoms other than the linkage of the aliphatic carbon will 
affect the structure, and has consequently been undertaken. In this paper we 
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propose to report only the morphology of the crystal and the X-ray findings as 
regards the unit cell. 

2 . G O N I O M K T R I C S T U I) Y. 

Dr. Fraenkel and Dr. Landau's diphenylaininc is crystallised out of alcohol 
by slow evai)oratioii lasting over several days. This gives rise to thin plates 
bounded by prism oi pyramidal faces. I'lie plates, whenever tliick,, are invariably 
cleaved on the flat broad face. Very seldom ciystals grow the same prismatic or 
pyramidal faces. A large iiuml)er of crystals are, first of all, exaniined by the 
Fuess lioriz.ontal circle goniometer and later by the Czapski two-circle theodo- 
lite goniometer. For recognising uniquely the flat face of the plate-like crystals, 
a Lane photograph with the heterogeneous X-ra3^ beam (from Philips Metalix 
X-ray lube) normal to the flat face is taken and the Gnomonic points of the Lane 
spots arc drawn. It is concluded therefrom that the flat face may be either (oio) 
or (ooi). It is later on conclusively proved by taking a rotation photograph nor- 
mally to the flat face that the flat face of the crystal isthe ofacc (ooi). The vari- 
ous faces of the crystal with their interfacial angles are then stereographically pro- 
jected on a Wulfl’s net. The slereographic projection shows that the diphenyl- 
amine crystal belongs to the monoclinic holohedral class quite in agreement with 
the observation by Bodewig.^^’ The result is as follows : — 


Tabi.e I. 


riaucs, 

Angles 

observed 

1 Angles 

calculated. 

Planes, 

Angle 

observed 

Angle 

calculated. 

(ooi) a (iio) = 

is' 

88° 56' 

(no) A (ill) = 

90® o' 

90“ 7' 

(ooi) a (hi) = 

74“ 0' 

74° 88' 

(no) A (221) = 

90“ 10' 

90” 15' 

(c>oi) A (223) = 

67" 30' 

68 ’’ 32' 

(no) A (223) — 

90” 0' 

89° s6' 

(001) A (221) = 

81 • 15' 

81" 50' 

(no) A (112) — 

89® 50. 

89° 52' 

(001) A (112) - 

62° 30' 

62” 36' 

(no) A (225) “ 

89® 40' 

89° 46' 

(ooi) a (225) ^ 

36“ 0' 

57" 15' 

(no) A (332) = 

89® 0' ! 

89' 31' 

(001) A (332) 

82“ 30' 

8P 35' 

(no) A (on) = 

49® 0' 

48° 27' 

(003) A (oil) = 

70* 0' 

70" 36' 

(221) A (on) = 

44“ 30' 

44° 18' 

(no) A (iio) 

yo" 40' 

1 

90“ 38' 





The axial ratio is found to be a : b : c = I’oi ; i : 2*78 and fi “ . 

3- X-RAY STUDY. 

At first, a rotation photograph of the diphenylamine crystal mounted normal 
to the flat face, is taken. It reveals only the row lines very prominently which 
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suggest that iu this particular case the flat face is a c-face (ooi). The cell 
dimensions are then determined from rotation photographs about the two crystallo- 
graphic axes lying in the (ooi) face of the crystal as well as about the zone-axes 
[no] and [ii^J in a cylindrical camera of diameter S‘e5 cms. Coi)per K,. radia- 
tion from a Hadding tube was used for the puqiose. 'I'lie rotation photographs 
are exhibited iu the accompanying plate II. It is indeed remarkable that in the 
rotation photographs about the cry.stal axes the odd layer lines would be much less 
intense than the even layer lines. The following values have thus been found for 
tlie axial lengths : — 

u„ = T/j'o 1 ; 6 „ = I3'9 1 ; c,, =-• 3 C /5 X 

/I is assumed to be the same as that obtained from stereographic projec- 
tion. 

In the third column of table I, the interfacial angles are calculated on the 
above cell dimensions as obtained from X-ray measurements. 

The specific gravity of the crystal is determined by the well-known flotation 
method from a solution of ZnvS04 in water and is found to be i‘i8. As the mole- 
cular weight of diphenylamine is 169, the number of molecules per unit cell comes 
out to be 32. Further work is iu ])rogress. 
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ABSTRACT, The e(|uati(m of slate for water is deriverl tinder certain liniitinp conditions 
from thermodynamical considerations. The internal pressure is tlicncc dedueed. Values of 
compressibility' are calculated, and compared with the observed ones. 

The problem of the deterniiiiatioii of the internal pressure in a liquid 
presents problems quite different from that of a gas. For, while in the latter 
case, pressure manifests itself as the clTect of molecular bombardment on the 
surface of the containing vessel, no such action takes place in a liquid. 'I'lie 
conditions at the surface of a liquid are totally different from those prevailing in 
the interior. As a molecule approaches the surface, its velocity is considerably 
diminished, and even annulled, due to the forces of cohesion between it and the 
neighbouring molecules. The surface acts as an elTective barrier, which prevents 
the transmission of the pressure of the molecular imiiact on the one side of it to 
the other side beyond the surface. What the thickness of the barrier is, we 
cannot very well determine. However, if we can calculate the fiee energy of 
the molecules in a liquid, we can deduce a value of the internal pressure. We 
require for this purpose a knowledge of the potential energy of the molecules of 
the liquid. The relation between the free energy F, and the total energy E, of 
a system is given by the equation * 

_ 

g fel /v'l dQ ; [dn=dgi. #]■••] •• (i) 

q’s and p's are the positional and the impulse co-ordinates of the system, and k is 
the Boltzmann constant. The eneigy K is made U]) of two parts: the kinetic 
energy, 

Ekin =-^- (/'? + ?! + ...) ... (ii) 

and the potential energy, K.. i • The kinetic energy will be a function of the 
velocities only ; while, it can safely be assumed that the potential energy is a 
function of the co-ordinates only. Evaluating the integral for the kinetic 
energy for all possible velocities, ^ 
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V=-k N.T. Ini --V l-^fcNT. In ( 2 ^ mfeT)-feT. ln\ e dijidq 2 ... I N 

V N / 2 ■ 




_ iCpot 


is the number of molecules in a gram-molecule. 

The equation of state is obtained from the relation,'* 


0 i> 6 1 ' 


__ I^pol 

ln\e dqi-dq-i... 


1 


... (iii) 


\ ••• (iv) 

\ 


When the potential energy is zero, as in a perfect gas, this leads to the gas 
equation, 


P=kNr. 

O 


J ) "’ T 


(v) 


If a relation between the potential energy and the volmne can be establivshed 
for a liquid, it may be i)Ossible to evaluate the integral of vStale, 

P' 

*'T . Jll. 


1 


I^aplace’s theory of capillarity assumes the latent heat of a liquid to yield the 
potential enei gy . The relation is 

V = 2 mly . . , (vi) 

there ui is the mass of a molecule of the liquid, H its potential energy, and 1, the 


latent lieat of the liquid. 

The total energy of the molecule will be 

Ji= — U = — 6), 

... (vii) 

where 


... (viii) 


VI 

A more general formulation of the energy is given by 



U = ivi(c^ 

... (ix) 

where • 


... (xj 


k is Koltzmaiin’s constant, and 



2 


(xi) 


h is Planck's constant, and 1 the integral referred to. The integral of state is 
then given by 
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We give below an investigation on these lines for water, because the rele- 
vant data are available for it in a form fuller than for any other liquid. The 
density, p, and hence the specific volume of water, has been well determined for 
all temperatures from o“C to the critical temperature. We can, there- 

fore, deduce relationships between I and the specific volume, i/^, on the one 
band, and between b of (viii) and the specific volume on the other. The graph, 
figure I, closely suggests a relation 6“='cp''*, with the value i'g4Xio'' for the 
constant c, A better approximation is had of the form 





log l> 

Figure i. 


We further know that, at the critical temperature, though 6=o, the density 
P=o-329; which leads us to conclude that the true relation is of the form 


(b + ai)®. 


P 



(xiii) 


Ordinarily, a 1 is much smaller than b. The correctness of this relation is seen 
from the following table. The last column shows the calculated value a, taking 
i'94 X lo^ for the value of c, and 850 for ai- The value of a is satisfactorily 
constant, the mean being — o-og. 

5 



34 


M. F. Soonawala 


Table I. 


b 

1 

1 i/p 

1 

j 

a 

0*94 X 10 ' ® 

I‘000 

4-66 X 10"® 

— O’l 

9-77 »» 

1*0044 

4714 

1 -0-09 

\ 

9 - 3 *^ *• 

1*0227 

4-873 

\ --0*08 

9.04 ,, 

1-0435 

4-965 

\ -o*o8 

8*o6 „ 

1*1312 

5-360 

\ -0*09 


If M is the molecular weight of the li(iuid, Mjp will be the volume of a 


gram-molecule of it. We shall henceforth put 

-a j=v-M. a=.r (xiv) 

We can, similarly deduce a relation between the ,mtegral I and p, or, x. 



3'4o 3 > 3'6o 3-70 3-80 

log(a-I) 

Figure 2 . 
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It indicates the relation 


— nxf 


( ) 

where a=98oo, and n = o'33. 

Tlie integral of state can now suitably be transformed. Thus, 


(xv) 


$ 




=^4 /’ 'a/ 


3;rfcT 


ni 

27rfcT 


. 1 . e 


1 u 

tji , ^ . 0 

feT 


. du,‘~ 




-a,) 




dx, 

from (xiii) and (xiv) 


— 1 mai \ 1 —2 

=4f> V ^ /feT’ 


where 

and 


aA ."' feT ,1 

" -f 

A=4ap \/ 


. dx 


="J 


CX J 

c . a:r- 


cx not 
c . dx 




^ ...g feT 


27 rfeT 




... (xvi) 
... (xvii) 

... (xviii) 


Neither of the above two integrals can be easily evaluated. For, changing 
the variable to y defined by 


y’^cx 




dy 


(xix) 


which cannot be evaluated except as a series, when convergent. We can, how- 
ever, study the integral (i) under certain limiting conditions. 


cx ^«nx, 


.. (xx) 


Firstly, let 
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as would be the case near the normal value of x, viz., i6'2. Then, 
-2 r -nx 

— «.v- 






and, 


giving 


and, 


«A < x + 



e 

. 

... (xxi) 

n 

» 

— nx ] 

) 



e { 

L • 

1 

... (xxii) 

n i 

[' 

1 

\ 




~nx 


feT 


_ ^ 8F_ ^ 8F^ i — e 


n 


— nx 


9v 8x 




n,e 


nx 


RT 


X 


(xxiii) 


(xxiv) 


to a lii'st approximation, R being the gas constant, and N the number of 
molecules per gram-molecule. This resembles the ordinary gas equation, 
excepting that x replaces the volume. The effect of the correction terms in 
(xxiii) is to reduce the pressure lower than that given by (xxiv). 


Secondly, let x be so small that 

cx ^>>nx 

Then, on substituting 
cx 2 =y, 


(xxv) 


.dx= 

= -§.Ay"^.c^.|i + |.i+f.f.i+ ... I 

a n 

= to the approximation assumed in (xxv). 
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and 


3 f 


Therefore, 


_» 

cx “ j t C3C ^-nx j 
ic .dx—\e -dx 


p..-J 

■“J 


= I e'"^ .dx - I e''^ (i - nx)d.v 




cx j 
x-e -dx 


Here, 


J 


CX ^ J 

x.e .dx 


2 I cx ^ . 2 I :> cx 

i- 4 - - « -V ■" /> 


.x^.c + " lx‘'^.c dx 

3 C 3 C 


J- 


I 


i CX ^ , 
x^.e MX 


- :-5 

— 2 5 CA , 5 I 4 CX ^ 


3 c 


3 C 


x^.e ,dx 


_» 


_ 2 r. cx "= 10 I cx ® . 8o I g cx 

= “ .X e - — .-A.x^.e +— .-B.x®c 

3C 9 c'* 27 c“ 


,.-e 


5 


CX ^ , 
XM MX 


3c I 3c gc-' 27 c^ 

= — ^ .x^.e^* , to the approximation (xxv). 


3c 


Then from (xvi), 


f -c *-5 

=A.».lx.c. .dx 

— A 1 ^ ^ 

— — A.n,f.— .x‘‘.e 


• — nx 


.dx) 


(xxvii) 


(xxviii) 


... (xxix) 


.. (xxx) 


... (xxxi) 
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Hence 




(xxxii) 




-RT. i.cx“^ 


(xxxiii) 


This indicates a large negative pressure, tending to infinity as .r approaches 
the value zero. Such a negative pressure would be accounted for by the 
forces of cohesion ; though, how it could attain values large enough to attain to 
infinity, would not be similarly explained. If this infinitely large force of 
cohesion between the niolecides is to be avoided, we should suppose a change 
to come over the nature of the forces of interaction bkween the molecules 
approaching closer and closer . 


We can also investigate the intermediate region, where, 


TXX — CX ^ 


. . . (xxxiv) 


■ -I r -i 

cx j I cx " — nx j 
16 ax — 1 6 .ax 


f cx-^ , 

= 16 .OX — X 


Hence, 


(xxxv) 


- tts- \ Jix 
e =A \ ^ -X 

/ n 


•p I 

— — ■=lnA + ln\ ^ .— X 

feT In 


... (xxxvi) 


.. (xxxvii) 


giving. 


p=R.T.n. 


6^^ -I 

-n: 


(xxxviii) 
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This indicates a region of positive pressure, but of instability, cs shown by 
the increase of volume with pressure. 

It may be of interest to investigate the influence of j8 in (ix) on our 
results If we assume ^ in6 to be the potential energy, as in (vii), we have the 
following resulting equations : 



where c has the same significance as in (xviii). 

When X <<C i, 

F 


i-T , _ 5 . c _ J 

c 

P = - |RTcx"i 


— H 

* 


and 

a result identical with (xxxiii). 

When ^3 

cx ^ « I, 




(t H" c:ic ^ + ... ) dx 

X’^'^CtX “ ... 


Hence, 


and 

as in (xxiv) 


C ( - ... ) 

. _ RT 
P = , 


... (xxxix) 


... (xl) 

... (xli) 
. (xlii) 

. (xliii) 


(xliv) 

(xlv) 


X 


(xlvi) 
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The introduction of P in (ix) is thus seen to have no eifect upon the salient 
features of our results. These would be represented by an isothermal of the form 
shown in figure 3. 



Figure 3. 

At a temperature of 27° C. (xxiv) denotes a pressure of the order of 1,500 
atmospheres to exist in the liquid. The compressibility of water at pressures of 
I, 500, and 1000 kilograms per square cm. has values 45*3 x io~^, 38’! x io“®, and 
33 6 X io“®, respectively,® the unit of pressure being i kgm. per sq. cm. Basing 
ourselves on equation (xxiv), if p is the internal pressure when the external 
pressure in one atmosphere, 

4i_= H-.500 
. 38 p 

which yields a value of p of the order of 2,700 atmospheres. 

F or a change A ^ in the preasure p, the corresponding change in the 
volume is 
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This is seen to differ from the experimental value, 45 3 x io~'‘’, by as much 
as a factor of 13. However, (xxivl would diminish the compressibility with 
pressure. The change in compressibility C with the pressure p would be given by 


AC= 


Qp-^^ p^ 



( 1 ) 


For a change of 500 kgin/sq. cm., this works out to 2x10“*, while Ihe 
experimentally determined value is o’y x to~'^. 

This is a suIHcieiit indication that the approximation is far from correct 
under normal conditions. What it exactly implies is not difliciilt to understand. 
The pressures, as calculated above, are the internal pressures in a liquid. >Such 
an internal pressure can be conceived as the force acting on a unit area within the 
liquid on one side of it due to the action of the molecules on the other side of the 
area. 'Hi is area v\ould be subjected to the bombardment of the molecules in 
consequence of their thermal agitation, which would cause a pressure in the 
direction of impact of the molecules. On the other hand, a pressure would be 
exerted u]’»on the area in the opposite direction due the molecules on one side of it 
exerting a pull upon those on the other side. If this latter pressure due to the 
cohesion of the molecules is much smaller than the pressure due to the molecular 
impact, the approximation of fxx) holds good ; while, when converse is the case 
it is the approximation (xxv) which oblains. The above comparison of the calcu- 
lated and observed values of the several relevant constants indicates that the 
pressure is not purely thermal ; but the force of cohesion also exists in the liquid 
to an appreciable extent. It would necessitate the introduction of a further 
modification in the amount of the potential energy within the liquid, because on 
the assumption of the truth of (ix), we are led to values of compressibility not 
entirely in agreement with observations. 


R K F K K E N C vS. 

^ Max Plaurlc ; Theory of Heat (English translation) ; p. 24^1; ecj. (403). 

2 UHd ; p. 284 ; eq. (474). 

3 1 hld \ pp. 77, 78; eqs, (112), (115). 

^ M. F. fioonawala : Jnd. Jour. Phys., 10 , 362 (1^36). 

^ W. H. J. Childs : Physical Constants, p. 19. 
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A NEW THEORY OF LAPSE-RATE* 


By D. S. SUBRAHMANYAM 
A. C, College. Guntur 


(Received for piibUcaUon, February 7939 ) 

ABSTRACT. A new type of vertical uiotion of air differcnl from penetrative convection is 
discussed. I'or small vertical displacements the motion is assumed to be similar to that in long 
gravitational waves, the volume of an clement remaining constant during the displacement. 
Vertical motion of this type is the result of differences of pressure set up in the vertical direction 
and the pressures on an element in the other principal directions do not alter during the 
process of small displacement. Asa rc.sult of the change in pressure, the molecular energy 
of the element is altered which results in a change of temperature, and consequently in a 
lapse-rate. 

There is close agreement between the value of the lapse-rate deduced for small displace- 
mc d.v without acceleration and the mean lapse-rates in the free atmosphere observed at 
different stations umlcr normal conditions, .so that the theory of mass motion developed may 
be taken to be a true picture of what is happening in the free atmosphere. If the type 
of motion described here can be called cumulative convection, the free atmosphere may be 
said to be normally in 'cumulative equilibrium.’ 

An explanation is also obtained for the ascent of air masses in a cyclone and their 
de.sceut in an anticyclone. These movements are due to gradients of pressure in the vertical 
direction and the condition lor motion is that when the lapse-rate is greater than the equilibrium 
rate, the acceleration is upwards, and when it is less than that, it is downwards. 


I. INTRODUCTION 

It is found as a result of investigations with sounding balloons, that the 
rate at which temperature decreases with height is quite uniform in the free 
atmosphere, from a height of about 3 km. from the ground up to the tropopause. 
There is fall hi temperature below 3 km. also but the lapse-rate is not regular, 
probably due to local disturbances and fluctuations that arise at the .surface of 
the earth. But in the free atmosphere the lapse-rate is practically constant, the 
temperature-height curves of any ascent being almost linear, and the value about 
6®C. to 7“C. per km. 

The decrease of temperature with height in the troposphere is explained 
to be due to the convection that is taking place in it. Calculating on the 
basis that the atmosphere is in adiabatic equilibrium, the lapse-rate 
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JAJ\ \ A 

— is found to be equal to g. - for dry air where g is the accelera* 
dy j ^ p 

tion due to gravity, A, the reciprocal of the mechanical equivalent of heat and 
Cp tlie specific heat at constant pjessure. Substituting the values of these 
constants, the above adiabatic lapse-rate is found to be q-86°C. per km., which is 
much luglier than the observed value mentioned above. The theoretical value 
obtained for ascending saturated aii is less than the al')Ove value, but it is not a 
constant, as it depends upon the teinperalure of the air. If the Atmosphere be 
in ecpiilibriuin for ascending saturated air, the lapse-rate should vary considera- 
bly from place to place and time to time, depending upon the tenip(^raturc at the 
surface of the earth; it should also vary with height. But observations, as 
already stated, are ratlier dUlercnt. Besides, the theory of ascending saturated 
air cannot be applied to regions where air masses are found to be descending as in 
anticyclones. The stability of air is usually discussed with reference to the 
adiabatic lapse-rates and the conclusion reached is that a dry atmosphere is in 
stable, unstable or neutral equilibrium, according as the lapse-rate is less than, 
greater than, or equal to the dry adiabatic lapse-rate and that saturated air is 
stable for downward motion wlien the lapse-rate is less than the dry adiabatic, 
but unstable for upward displacements unless the lapse-rate is less than the 
saturated adiabatic.’ No satisfactory explaiiation has so far been given as to 
why the rate should be uniform tliroughont the free atmosphere up to the tro- 
popaUvSe and fairly constant in value irrespective of time and place. There may 
be several factors like radiation and eddy dillusion, as discussed by Douglas,*"^ 
which tend to produce a constant rate, but up till now, no theoretical value has 
been obtained which agrees with observations.'^ 

Closely connected with lapse-rate arc some other ])hcnomena which loo 
have not yet icccived satisfactory explanation. The centre of a cyclone is found 
to be a comparatively cold region and yet air masses are found to move upwards 
in it. An anticyclone may be warm, yet air masses are found to descend down- 
wards in it though the lapse-rate is less than the dry adiabatic. These peculiar 
idienoinena cannot evidently be explained by the hypothesis of penetrative con- 
vection. They •are therefore attributed to be due to differences of pressure in 
the veitical direction and the term ‘ cumulative convection is applied to the 
large movements of air tliat take place in these cases. Yet there has been no 
theoretical calculation of what the lapse-rate should be in such a type 
of motion. 

An attempt is made in this paper to develop a theory of lapse-rate (which 
may be said to be the lapse-rate for cumnlalive convection) for vcrticah motion 
of air due to difference of pressure, assuming the motion to be like that in long 
gmvitational waves. The aid of the kinetic theory of gases is also sought for a 
simple relationship that obtains between pressure exerted by a gas in any 
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Hiiiectiou and the kinetic energy of the molecules of the gas in that direction. 
|frhe results obtained seem to be in fair agreement with observations. 

a. O N G W A V E vS 

The idea of long waves, the wave-length of which is very great as compared 
. to the height of disturbance, is very useful in niiderstaxiding the picture of air 
motion presented in tliis paper. Vertical motion of air in the case of long waves 
is easily seen to be different from that of penetrative convection. In the latter 
case, an element of air is considered to be warmer and therefore lighter than its 
surroundings, to be displaced from one layer to another, and then to expand 
adiabatically to attain the pressure there. The sun oundings are considered to be 
practically undisturbed except tor tilling up the space vacated by the element. 
Motion of air in the case of long waves would be entirely difierent. Here there 
is motion on a large scale. Vast sheets of air rise or fall. And as they do so, 
two neighbouring elements in the same horizontal plane will move together and 
the dilterence in their vertical displacements will be negligibly small. The 
consequence of it is that there is no question of expansion of the element side- 
ways suddenly as it rises. Kveu if there be a slight difference in the vertical 
displacements of these two eleiiienis, the result will not be (in the first irlace) 
expansion sideways, but mass motion, in a horizontal direction, the velocity of 
motion dei)endiug upon the rate of variation of pressure with distance. 

This leads to an imirortant assumption that is made in the development of 
the theory that there is little tendency for an clement of air to change its volume 
as it is displaced slightly from one point to another in the vertical direction. This 
assumption may be considered to be not unreasonable in the light of what has 
been slated above, when the displacements are small. All displacements in the 
; vertical direction therefore, according to the theory presented here, take place at 
! constant volume, the displacements of the air elements being small. 

3- R E E A J' I G N H E 'J' WEEN M U L E C U E A R E N E R G Y 
AND PRESSURE 

There is a very simple relation in the kinetic theory of gases between 
the pressure exerted by a gas on an element of area and the kinetic energy of 
the molecules of the gas in a direction normal to the area. 

If n be the number of molecules per c.c. of the gas, m, the mass of a mole- 
cule, and the average of thesquares of the velocity components of the gas in the 
; direction of the Y axis, the pressure exerted on an element of area in the XZ 
plane (which we may say is the pressure in the Y direction) is 


Py=n,»n.u^ 


(IJ 
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But if tlic kiuetic energy possessed by the molecules per uuit volume of the gas 
in this direction be called 



E„=^ n.m.v'^ 

(2) 


P,, = 2. K, 

( 2 a) 

or 

dp y di^y 

(2 b) 


THIiORY OF MASS MOTION OF A 1 R| 

(C U M U 1/ A TI V K C O N V K C T I O N) 

Mass motion of aii- between two points whicli are close to each bther is due 
to the dilTercuce of pressures between the two points in the direction of the line 
that joins them. The importance of considering diicction for the pressure arises 
from the fact that in the ease of vertical motion of an element of air in a gravita- 
tional field, the pressure alters very ra])idly with height. Eet Py, P., be 
the pressures at the point A (the co-ordinates of which are t, y, ::) in the three 
principal directions, bet B be a point the co-ordinate's of which arc (for the 
sake of simplicity) ir, y-l dj/, z. bet the initial pressure at this point in the three 
directions be Pb. Pb> ■ If we assume that there is static equilibrium in the 
beginning, we know that 

P.=P.=lb, 

Pb=F„=Pb and 

Py=Pb +/■<£ dy (p, being the density at A). 

bet us now examine whal takes place if there is a little accumulation and there- 
fore some excess of pressure at A, so that 

P./ > + dy. 

There will be motion upwards, the equation for vertical motion being 


Di’o 

m 




6P„ 

8. 


= o 


( 3 ) 


where represents the mass velocity of the gas in the vertical direction and, 
represents the acceleration of the element (following its motion). 


Hence 


The value of - f 

9y 


I> d y Dt 

, when there is accumulation below, will be greater 
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; than the value it would have in static equilibrium and consequently-^*' will be 

Dl 

positive, the acceleration being upward. If on the other hand there is accumula- 
tion at the higher point B, 

1\<P% +Pg dy. 

the accelerated motion is downwards, and in 

d.v 'D( 


Dvo 

Dt 


is negative. 


We shall now investigate the motion of an element. Let us assume for 
definiteness that the accumulation is below and that the motion is upwards. Let 
the element at A reach B in a short time, the whole volume remaining constant 
in this proce.ss. As the element moves upwards, the value of Pj, alters at a very 
rapid rate as it moves against a gravitational field of force, and its molecular 
energy in the vertical direction also diminishes at the .same rate. But there is no 
such variation of pressure laterally as the surrounding elements also 
come up with it. Hence by the time the element reaches B, the energy 
corresponding to one degree of freedom only becomes less while that 
corresponding to the other degrees of freedom remains practically 
constant. Due to the law of equipartitiou of energy, however, there 
may be a transference of energy taking place between that degree and the other 
degrees which will tend to nnikc the kinetic energy and hence the pressure equal 
in all directions. But .since any such equalization should be preceded by a de- 
crease in the Y direction, we shall assume that in a very short interval of mass 
motion of the gas, the pressures and therefore the energies arc different in different 
'directions We .shall thus assume that for the element in vertical motion as 
pictured here P* and P, do not alter but P„ alone alters during a small displace- 
ment of the element. 


For a small displacement dy, the change in the value of P„ may be taken 
ftobe dP, = |^. dy ... (4) 


|; By equation (3) = - J 

I dy \ Dt 

■ It may be noted in this connection that the effect of the rotation of the earth is 
ignored as the change it produces in the motion is negligible in comparison with g 
(as pointed out by Brunt.® It is further assumed that the element has no motion 
I in any other direction than the Y direction, in order to simplify the theory and 
( ?tudy the effect of only the vertical motion on the element- 
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Now from equations (4) and {5) we have 

<iPy= ^ - (6) 

and consequently from equation (2b) 

dn,i = -l P I ... (7) 

\ 

This is the change in the kinetic energy of the molecules ^f the element in 
the vertical direction i)cr unit volume due to the displacement dy. ^ Since we have 
assumed that there is no change in pressures in the other direction^ the energies 
corresponding to all tlie other degrees of freedom of the molecules are n<jt altered 
during this displaLemenl. The change in the total kinetic energy per unit volume 
of the molecules of the element tiK will be therefore equal to dE„, and this does 
not alter in value due to any subsequent redistribution between all the diflerent 
degrees of freedom of the molecules- 

Therefore the change in the total kinetic energy of the molecules of the gas 
per unit volume 

g + | dy - (8) 


The corresponding change of temperature dT suffered by the element may be 
easily computed api dying the first law of thermodynamics : 


(IK 


dT= -- 


P.J.C,, 


(9^ 


where J is the mechanical equivalent of heat and C„ the specific heat of air n1 
constant volume (the displacement having been considered to take place al 
constant volume). Therefore from equations (8) and (9) we have for the rate 
of change of temperature of the element with height 



(10) 


Let us assume that the acceleration 


Dwo 

Dt 


-is zero when the atmosphere 


is in equili- 


brium. We shall call the corresponding rate at which an element falls in tempera- 
ture with height the equilibrium lapse-rate. The equilibrium lapse-rate is thus 
equal to 


dy 2 ■ J . C 


(IJ) 
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Substituting the values, C„ (for dry air)=.i7i5. Cal, per gin. (the value for damp 
air does not differ materially from this), 

J=4. 185 X ic^ ergs, iicr cal. 


and 

We have 


dy 


5=981.0 cm. per sec. per sec. 
from equation (n) equal to 


981 

2X4't85Xio'^xo'i7is 
= 6°. 836x10*^ C. per cm. 


=6'’.836.C. per km. 

This is easily seen to be oiic-fifth of what is usually called the auto-convection 
gradient.® 

The value 6 836 C. per km. is the rate at which an element of air would fall 
in temperature as it is displaced upwards vertically through a short distance as 
part of a vast sheet or layer of air, the volume of the element remaining constant 
during the small vertical displacement. Continuous vertical motion of air itself may 
be considered to take place in successive .short steps, each step consisting of two 
stages : 

(i) The stage in which an element undergoes a vertical displacement 
according to the way stated above. 

(it) The stage in which adjustments take place in a horizontal level, witli 
: expansion or contraction of the element sideways. But these changes in volume 
cannot be so sudden as to be completely adiabatic, because what may result in a 
; horizontal direction as a consequence of this type of convection is a gradient of 
pressure which produces a wind. Hence the change of volume which an element 
If undergoes at the new level is very likely to be isothermal. Consequently the 
I lap.se rate in an atmosphere in which such motion takes place will not differ 
I appreciably from the value calculated above. Ob.servation.s of the free atmos- 
I* phere go to .show that this type of (cumulative) convection is playing an im- 
i portant part in the movements of air massses in our atmosphere. 

5. COMPARISON WITH OBSERVATIONS IN THE FREE 

atmosphere 


Individual observations in the troposphere above a height of about 3 km. 
show that the temperature decreases at a uniform rate with height, the 
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temperature-height curves beidg almost straight lines. This itself is in agreement 
with the result deduced above. Besides, the mean value of the lapse-rate obtained 
from a number of observations taken at different stations in the middle latitudes 
is found to agree quite satisfactorily with the result calculated above. The 
following table gives the mean lapse-rates observed at different stations in the 
middle latitudes. It is obtained from a table given by Dines vvho made use of 
Gold’s values. 1 


Table I ’ 
{Mean Lapse-rates) 


Heij^ht in kin. 

Pctrograd. 

Scotland. 

Berlin. 

England 

SE. 

Paris 

Vienna. 

Pavia. 


Deg. A. 

Deg. A. 

Deg. A. 

Dog. A . 

Deg. A. 

0 

Deg, A. 

Deg. A. 

13*5 

— 0-1 

— 0'2 

o‘6 

— 0‘2 

0*2 

0*0 

- 1*3 

12-5 

-27 

— 0*2 

' — I'O 

OT 

0‘2 

-1*3 

-0*3 

ii'S 

-0-3 

— I’l 

o’9 

0*8 

0*7 

0*1 

2*4 

lo's 

1-3 

0*7 

27 

2*6 

4*1 

3*4 

4*2 

9-5 

3-1 

3*6 

4*9 

5*3 

5*7 

5*1 

4*6 

8-S 

5*4 

5*4 

6-3 

6*1 

6*9 1 

6*7 

6*6 

7-5 

7*3 

7-8 


7’^ 

7*4 

7*6 

7*3 

6*5 

6'2 

7*0 


7*1 

7*1 

7-6 

8*2 

5*5 

6*5 

7*0 


7*0 

67 

6-8 

6*8 

4-5 

5*9 

6*4 


6*9 

6*2 

6*3 

6*7 

3 ‘5 

5*6 

5’6 


6*0 

5*5 

57 

5*9 

2 \S 

5 '4 

5‘7 

4-8 

5'S 

4*7 

5*4 

6-3 

I '5 

. 4-3 

5‘0 

5*1 

4-8 

4*0 

4*6 

5-6 


In calculating the mean value of the lapse-rate in the troposphere, we must 
exclude observations below a height of 3 km., as this region is subject tonjany 
local disturbances and fluctuations and the lapse-rates are irregular. Also we 
should not take the region in which the tropopause rises and falls, as the mean 
value in it would be obviously misleading. Hence, below are given the mean 
lapse rates at different stations calculated from the values lying between the thich 
lines in the above table. 
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JPetrograd 

ficotlatid 

Berlin 


Btiglaud S.R 
Piiris 
Vienna 
Pavia 


1 

1 Free troposphere between* 

Mean lapse. rate. 


3 km. -8 km. 

6*30 Deg. A. per kni. 

... 

do. 



3 kin.— 9 km. 

6-68 


do. 

670 „ 


do. 

663 


do. 

678 „ 

... 

do. 

6-92 „ 


Mean 

j 671 „ 


The equilibrium lapse rate is theoretically deduced to be 6^*836 C. per km. 
The agreement between the above mean observed value and the theoretical value 
is very close and we may therefore conclude that the ' free troposphere ' (lying 
between 3 km. and the tropopause) in the middle latitudes, to which belong the 
stations in the above table, is normally in equilibrium for mass motion of the 
type discussed in this paper (i.e,. for cumulative convection). 

Mean lapse-rates of the free atmosphere obtained at Agra® and^ Poona in 
India are given below. The mean for Poona is calculated for lapse-rates between 
3 and 15 geodyuamic kilometres and that for Agra between 3 and 14 gkm. The 
mean values for the free atmosphere (6''*87 C. and 6°'35'C. respectively per km.) 
show fait agreement with the theoretical value deduced. 


Table II. 


Height in gkm. 

Lapse-rate (Poona) (1938- ’31). 

Lapse-rate (Agra; (1925- '28). 


eg. C. 

Deg. C. 

14-15 

67 

..t 

13-14 

8*0 

6-3 

12-13 

8-3 

7 *^ 

11-3:2 

8-2 

7-0 

lO-II 

8’i 

6-9 

9-10 1 

7-8 

67 

5-9 1 

7-2 

67 

7-8 1 

6-8 

6*3 

6-7 

5’9 

6*1 

S-6 

S '9 

6*2 

4-5 

5-6 

6*1 

3-4 

5*8 

5-9 

Mean/gkni. 

7*02 

1 

1 ^’48 

Uean/km. 

6*88 

1 

1 8*35 
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DESCENDING 
AND ANTI- 

In the discussion made above on the equilibrium lapse-rate it is assumed 
that IS equal to zero. Now we may take up for consideratioii the cases when 

it is not equal to zero. If we call the vertical acceleration of the element, 

we see that there is a possibility lor two cases in addition to the case \pf equilibrium: 
(t) The vertical acceleration may be positive or (ii) it may be negative. From 
.equatioq (lo) 


6. lapse-rates in ascending and 
CURRENTS O E AIR (CYCLONIC 
CYCLONIC SYSTEMS) 


dT . I _ 

dy 2J.C,, 




DI 


We see that in case (i) when is positive (i.c., the velocity increases with 

, increa.se of height) the quantity within the parentheses will be greatei than 
g and the lapse-rate will be higher in value than the equilibrium lapse-rate. 

In cases (i/) is negative (t. c., the increase of velocity is down-ward) the 

quantity within pareiithes becomes less than g, and the lapse-rate will be less 
than the equilibrium rate. 


Thus we arrive at a new and interesting result that for upward motion of 
air with increasing velocity, the lapse-rate is higher and for downward motion 
with increasing velocity it is less than the equilibrium lapse-rate. It has 


already been stated that the acceleration will be upwards ( positive) when 

there is accumulation below and downwards ( negative) when the accuniula- 

tiou is above. These conditions are found to obtain in cyclonic and- anticyclonic 
syetems respectively. 


Cyclonic systems It is a widely observed fact that in a region of low pres- 
sure, there is an upward current of air, the velocity of which increases with 
height above the ground. The acceleration upward, in cases of strong convec- 
tion on such occasions, becomes appreciable as compared to g and the- lapse-rate 
sliould be accordingly aSected, An example for., upward accelera.tioii quoted by 
Ramanathan^° from Brunt, may be given in this connection. " An estimate, 
upward acceleration in hailstmrins hasBeea made by; .^unt. He.ha&.shom that 
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in order to raise a spherical hail stone of radius 3 cm. in an nscendiiig' cuiTcnt, 
an upward vertical velocity exceeding 55 metres per sec. would be required. 
If this velocity is developed within a distance of 3 km , the acceleration will 
be 50 cm /sec®.” 

Thus in a region of low pressure the lapse-rate should be, according to 
the theory developed liere, greater than the equilibrium lapse-rate. 

Anticydonic systems : — It is also known widely that in an anticyclone 
there is a downward motion of air ; but this does not seem to be as vigorous as 
the upward motion in a cyclone. Still since the downward motion is a result 
of accumulation in upper levels of air, and when an element of air moves under 
difference of pressure there is acceleration, it is quite possible that there is 
downward acceleration (however small) in anticyclonic systems in the free 

atmosphere. 'I'hus becomes negative in these cases and the lapse rate 

becomes less than the eijuilibriuni rate. But since the convection in them is not 
so rapid as in cyclonic systems the difference from tlq; equilibrium value 
will not be as great in them as in the latter. 

'I'he.se conclusions obtain confirmation from observations made in cyclones 
and anticyclones. Below is given a table showing the mean temperatures in 
cyclon es and anticyclones. The results are due to Dines.’ ’ 

Taiu.k Til’® 


Tieiglit in km. 

1 Cyclone— qSij mb. 

1 'reniperuiure. 

Anticyclone* — 3026 mb. 
Teiiipernture. 


224 A . 

3 JS A. 

33 


15 . 

12 

25 

r 

17 ■ 

II 

24 

20 

10 

25 

25 

9 

26 

31 

8 

. 28 

38 

7 

34 

46 

6 

42 

53 

5 

49 

59 


56 


3 

63 


2 

70 

76 

I 

276 

1 

279 - 
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For the cyclone we may take the * free troposphere ’ to be between 3. km. 
and 7 km. and for the anticyclone between 3 km. and 9 km. at the lowest. Then 
we have from the above table tlic following mean values for the lapse-rates : 



Table IV 

1 

1 - 


Mean lapse-rate 

Difference from 
cilculated equi- 
Uibrium rate 
\ (6-836) 

Cycloiif- 

7^*25 C. 

\ 

+ o’ 4 i 4 * a 

Autfcycloue 

6 “'67 C. 

1 

-0-166" C. 

i _ _ - 


Some individual cases may also be quoted in support of this view. There 
was an anticyclone over Upper India between the 19th and the 26th of December, 
1930. The sounding on the 19th Dec., gave a nieai/lapsc-rate (between 4 gkin. 
and 15 gkm.) of 6'’-45 C- per gkm. and that on the 22nd, b'-db C. per gkm. The 
mean of these two values is b®’5b C. per gkm. or b'’'43 C. per km., a value 
less than the theoretical value for equilibrium. (b“-83b C. per km.) 

A cyclone crossed the East Coast (India) at Nellore on the 17th of November, 
1933. Soundings made during the period of the cyclone on i5lh, ibth, i7lh, 
18th and 19th of that month at Madras observatory, no miles away, gave the 
mean lapse-rates 7-32, 7-15, 7-08, 7'b4 and 7-47 deg. C. respectively per gkm. 
(between 3 gkm. and 15 gkm.) of the free atmosphere. The mean value is 7-33 
deg. C. per gkm. or 7-19 deg. C. per km., which is clearly higher than the theo- 
retical equilibrium lapse-rate. 

Thus the result deduced theoretically that the lapse-rate should be greatei 
in a cyclonic system and less in an anticyclonic system than the equilibrium 
rate is supported by observations of the upper atmosphere. We have therefore 
a satisfactory explanation for the ascent of (cold) air in a cyclone and the descent 
of air (which may be warm) in an anticyclone even when the lapse-rate is les.s 
than the adiabatic. These vertical motions may therefore be considered to be 
due to pressure differences set up in the vertical direction and not to convection 
of the penetrative type. 

In conclusion, I wish to express ray grateful thanks to Dr. J. Roy. Strode, 
our Principal, and to Dr. H. H. Sipes, our Bursar, for the kind encouragement 
they gave me in my work. I am also highly obliged to Dr. I. Ramakrishna Rao 
of the University College, Waltair, who was kind enough to go through the 
paper and give me very valuable suggestions. 
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ABSTRACT. Rc siiUs nf uiriiMirt'iDont of viiTnal lici^^ht of ilie I'-ro^oon carried out (mostly 
at niLdit) (lurin^y JiD37"3''^ session on several wave fret]iieneies are descrila^d. Tt is found (hat the 
nature of the (‘qnivaleiit hei^^hl change varies in a marked manner from day to day. Stane- 
limes the virtual height shows three maxima during a single niglit. A good correlation has 
been found to exist between the lujiir of occurrence of minimum virtual height of thi* K-region 
and the hour at which tile barometer at ground level leads maximum pressure. Occasionally 
echoes from ionized regions abf>ve the normal F-layer havt‘ been obtained, (')ccurrence of com- 
plex (> cliot's is foun.l to be associated willi variatioti of one or other oflhe tcrrcsirial magnetic 
elements. It is seen that conirarv to the results oldaincd by many investigators the Fj-regioii 
exists till about lo o’clock at night. 

I N T R 0 I) U C T T t) N. 

Tlie ])aper presents tlie results of some of the ionospheric investigations carried 
out at Allahahad during the 1937-38 session. The work was started with a view 
, to predict maxiinnm usable fretinencics for broadcasting over various distances 
and to make a thorough study of the electron density and equivalent height varia* 
tions in the Fo-region. ( )ur experience during the 1936-37 session had shown 
that the critical ])enetration frequency of the F.j-region was always below ii Me/ 
sec., so, keeping in mind the long time variation in the electron density of the 
; ionospheric regions owing to the increased sun spot activity, we constructed a 
, transmitter which enabled ns lo transmit pulses up to i3'6 Mc/sec., but we found 
that the 13 ’6 Me /sec. waves were reflected by the region even up to 10 or ii 
f;, o’clock at night. Thus the measurement of ionization density was possible only 
louring a limited i)criod at night. Under such circumstances it vas not possible 
I'lor us to predict maximum usable frequencies for the major i)ortion of day and 
live confined our attention only to the measurement of virtual height. Off 
|iknd on we also measured the critical penetration frequency differences between 
l/lhe ordinary and the extra-ordinary waves. 

^ Comnimiicatecl by Prof. M, N. Saha, b.R.S, 
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Tlie data collected in our laboratory from experimental transmissions on 
4 Mc/sec. had shown the utility of such waves for regular broadcasting purposes 
in India. The All-India Radio also realised this fact and vStarted broadcasts on 6o 
and go metre bands. The International Tele-communications Conference held at 
Cairo also came to similar conclusions and set apart such bands for broadcasting 
exclusively in the tropical and sub-tropical countries. In view (|f the importance 
of these waves, the virtual height measurements were generally carried out on 
such and a number of other wave lengths. The data presented hare are based on 
automatic (P', t) records and auxiliary visual oljservations. The da^y-tiine observ- 
ations were confined only to few holidays, since on other days the disturbance 
level was very high. Kxperiments were also ihade to develop an automatic 
(P', f) recording apparatus. In these experiments the tiansinitter and receiver 
were kept m tune mannually. §i gives a brief description of our apparatus 
while 5 2 contains our experimental results along with their discussion. 

§1. APPARATUwS. 

The method used is that of Iheit and Tuve.^ The tiansinitter generates short 
wave-trains of radio-frequency 50 times per second. These waves fall on the 
receiver which is lying just on the side of the transmitter, both directly and after 
reflection from the upper ionized strata. The output from the receiver is fed to 
the vertically deflecting plates of an oscillograph the horizontally deflecting 
j)lates of which are connected to a timebase synchronized with the frequency of 
the pulses. 

The transmitter consists of a simple Hartley circuit. Modulation is effect- 
ed by means of a valve in series with the oscillator. Normally the grid of the 
oscillator is kept so negative that no plate current flows through the oscillator and 
the modulator, but by the application of short unidirectional pulses generated by a 
thyratron and its associated circuit, the grid potential of the modulator is reduced 
to zero for short periods fifty times per second. It is during these periods that 
the transmitter oscillates and radiates the desired wave trains. 

§2. R X 1’ R k 1 M K N T A L RESULTS AND T H R I R DISCUSSION. 

(a) Diurmtl variation of Virtual Height. — The (P', t) records were usually 
taken throughout a month on several frequencies so that for any particular fre- 
(luency eight or ten records distributed over the entire month were available^ The 
graphs represent monthly average values of virtual height at the particular fre- 
quency mentioned. Generally an average of more than four values has been 
taken. In December, however, very few records could be taken so curves for the 
virtual height variation for a particular day and night have been given. The 
October data were also meagre. The rest of the curves are fairly good averages. 
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Figures 2, 3 and 4 show all these curves. Marked variations in the nature of 
eiiuivalcnt height changes are noticed from day to day, Si)nietinics we find that 
during a single night there are three maxima in virtual height, while at others 
there are only two and yet on certain nights the virtual heiglit remains eonslaiit 
almost throughout the night. We have reported elsewhere'* the existence of 
similar maxima and minima in the electron density of the night h'-region and it 
would have been interesting to correlate the two variations, but unfortunately 
we could not get electron density data during this period. It is therefotc difficult 
to .say if there is any relation between virtual height variations and the increase in 
election density. It is still more difflcmlt to explain the nature of these virtual 
height variations mentioned above, for they depend on the complicated meteoro- 
logy of the upper atmosphere about which so little is known. We cannot say if 
these changes accomjiany some sort of atmospheric oscillation or are the result of 
some other cause unknown to us. Some of our records clearly show that increase 
in electron density of the night F-region takes place several times during the 
course of a single night. Figure 7 taken on December lo-it, 1(437, at a fie(]uency of 
z'g Mc/scc, shows that the waves ceased to be reflected at 0020 but they reappear- 
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ccl twice during tlie iiiglit before they began to be continuously reflected by 
increased ionization due to the incidence of the rays of the Sun in tlie morning. It 
unmistakably iH)ints out that l>etweeu the hours 0130 and 0150, and ^245 and 
0350, there was an increase in the electron density of the K-region which cannot 
be attributed to ionization due to ultra-violet light of the vSnn. For understand- 
ing these short-time variations, as well as to gain an insight into the nature of 
variat-. "'‘f ionization density witli licigtit, it is very necessary that (P', f) curves 
should be deiv,, 'bred as frequently as possible and the mean hourly values of 
maximum electron density, iiiininium virtual height and virtual heights on a 
number of other frequencies published, just as the data for earth s magnetic field 
are published. 

Now variations in virtual height can occur either due to change in the 
electron density in the lower layers which have a retarding influence on the 
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qivenCO) gives mean vtrtua! heiqht 

waves lliat pass through lliein, or due to changes in the real lieiglit of llie layer. 
P'igure 3 clearly shows that the variations in virtual height of Ihe night F-region 
are similar in nature even when fregiiencies vary from .1 to 8 Mc/sec. This 
strongly suggests that the variations in the virtual height of the region are due to 
changes in the actual height of the layer itself. The conclusive proof of the niove- 
nieut of the layer can, however, be obtained only if the temporal rale of change 
of optical path which can be measured Ijy Appleton’s method'* is found to be 
equal to the tenitJoral rate of change of equivalent path. 

(b) Seasonal Variation of Virtual Height, 

Two curves showing the seasonal variation of the virtual height during the 
period of observation have also been drawn. Figure 5 (a) shows equivalent 
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ht;ij>l)ls as oliservtd at seven o’clock in the evening on different days while Figure 
5(h) gives the same for midnight. The curves al.so give an insight into the 
general difference in the values of the virtual height in the evening and at 
midnight. It is obvious that in general the virtual height at midnight is greater 
Ilian that in the evening hours. This fact also shows that this difference in 
virtual height is to be expected on account of change in actual height, for 
olherwi.se we should expect greater retardation of the waves in the low'er 
regions in the evening hours than that at inidnight and hence a greater virtual 
height at the former hour. 



S Showing seasonal variation of the virtual height of the F~ region at 
fa) 1300 ontf (b) midnight 

(c) Coirclalion 0} Jhtroinclric Picssurc and Virtual Height 

Correlations of atmospheric pre.ssure with ionospheric jdienomena are not 
new. Ranzi ' found correlation between increase in the K region ionization after 
sunset iUid baioinetiic depiessious observed at the place of observation or north 
of it. Cobvell elaini.s that undei suitable conditions, the variations in the 
‘ ‘t, strength of a broadcasting station may be used to indicate the presence of 
cyclonic . 1 anlicyclonic regions with an accuracy of about ninety per cent for 
weather forecasting inuposes. Martyn and Pulley in Australia have found a 
strong correlation between Kdayer average electron density at night and the 
ground level barometric pressure observed next morning. The latter authors 
have also found a correlation between the noon ionization density of the E-region 
and baro' ietric pressure observed as before. They also pointed out that similar 
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correlations have not been reported from the northern hemisphere. Taking up the 
sLigftestion of these Australian investigators. Best, Fanner and Ratcliffe tried 
to look up for this correlation in England, but their report shows that they did 
not find any such correlation. 

Figures 2 and 3, especially figure 3(h), clearly show that in the evening 
Ijetween 2000 and 2200 there occurs a minimum in the virtual height of the 
F-region. We attempted to find out if any relationships exist between this 
mitiimuni equivalent height and the maximum barometric pressure observed at 
ground level during the same night. The result is given in figure 6 (fi). 6 (a) 
sliows correlation between the time of occurrence of this minimum in virtual 


February '38 



6(b) Showing correlation of maximum press ure with 



— Time of minimum virtuaf height In the 


.early hours of night 

Time of maximum press ure in the 

early hours of night as recorded at the 
Allahabad Meteorological obs ervatory 

Fig S(a} Showing Correlation of the time of minimum 
virtual height with that of maximum pressure 
tn the early hours of mght 
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of the h'-regioii and the time at which barometer at ground level was 
observed to retid maximum pressure duriug night. The atmospheric pressure at 
y\l]ahabad shows two Jtiaxiina, one at about to or ii o'clock in the night and the 
otlier at al)out tlie same time during the day. The oI)servations reported in 
figure 6 refer to February, A glance at figure bib) shows that the 

relationship between minimum virtual height and maximum barometric pressure 
is none too good. If the two phenomena are directly connected, v\’e should find 
da>'s of greater iJiessnre indicating lower minimum virtual lieighl and 7 ’/Ve vcisa- 
Such a variation, although 1(> sr)me extent vSeen in llgiire 6(h), is not always to be 
found, hignre ^>n tile otlier hand, sliovvs a very good correlation between 
the time of the miniiiium viitual height and the time of maximum pressure. 
The days on which the minimum virtual height occurs early, the niaximiim 
])ressine also is seen to take j>lace early. There is, however, no fixed time 
diflerence lielween the times of occurrence of the two phenomena. This and the 
rather iioor relationship shown in figure o(/») may be due to the fact that 
atmospheric oscillation is not the only pnxvss taking part in tliesc changes but 
there are other] irocesses also at wank W'hich we are ignoring. It may a[)pear 
that the minimum virtual height may be due to reduction in the retardation 
sulTered by the weaves in the lowe r j^art of their ])ath or to contraction dut to 
co(ding vritli the advance of night. We, however, think that if this is so, then 
instead of a minimum wx' should oliserve a continuous fall in the virtual height, 
for reduction in retardation and contraction due to cooling arcexiiected to increase 
with the advance of night. It seems that perhaps the semidiurnal pressure 
variation and this minimum in virtual height are products of the same cause, 
possibly some sort of atmosplieric oscillation. Further study of such correlations 
is expected to throw light on the vexed meteorological ])robleni of semidiurnal 
pressure variation. 

(d) Conildcx Echoes and Fornuilion of High Layers. 

Such ec'hoes w e have described and disemssed in a niimljer of jirevious 
communications. ” We have ascribed tlieiii to partial reflection occurring at 

irregularly moving electron clouds and at other high layers difterent from the 
ivM iual , stvatUication, I'he occurrence of such reflections is, in general, 
assui.. ' d with magnetic storms.* Kirby, vSmith and Gilliland ■' report that 
during the .. , ' phase of an ionosphere .storm, the regions extending from E-layer 
Ui>w^ards get literally lorn up into small irregiilaily moving electron clouds, the 
normal stratification lieing destroyed. They, however, think that this first 
turbulent ])Iiase of the storm is observable only in tlie auroral /one latitudes. 
(_)ur observations of transient irregular echoes on the other hand clearly sngge.st 
the existeii c of a torn-up ionosphere and we think that such conditions prevail 
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even at Allahabad. There is, however, a great difference in the intensity of the 
effect at the two latitudes. In the auroral zone the ionosphere gets disturbed and 
torn up down to the level of K-region and even lower when complete cessation 
of echoes occurs, but at Allahabad we notice such disturbance generally above the 
T'-laver and the normal stratification of the ionosphere is not destroyed, for 
reflections from the normal F-region are received inspite of the irregular complex 
reflections. It is due to the fact that perhaps the ionizing and disturlflng agency 
i.s unable to roach such low heights in lower latitudes. 

Besides the irregular transient reflections taking place from ionization clouds, 
we also observe echoes from abnormal layers lasting for .several hours. The 
virtual height from which such reflections take place changes even by eoo kms. 
during the course of a few hours. Figure 8 shows that at 2300 a reflection 
apj)eared from an equivalent height of about 650 kins, which at 2335 got reduced 
to only about 520 kms. Formation of such high layers and their movement has 
also been observed by L,eiv Harang at Trom.s^>. vSoinetimes we have also observed 
that these abnormal layers in.stead of moving downwards move uiiwards with 
similar velocities. This upward movement we can ascribe to heating of the 
regions that generally takes place during the second jjhase of an ionosphere 
storm and which extends to latitudes far south of the auroral zone, but we have 
still to see as to what amount of increase in temperature will impart such high 
velocities to the upmoving layer. As for the downward movement of the layer, 
it is difficult to believe that the layer moves as a wiiole with such tremendous 
velocities as thought by some investigators. 1 1 seems that the ionizing agency 
moves lower down so that we are able to obtain reflections beginning from a 
greater height and ending at a lower one. Thus instead of the moveiMent of the 
layer it appears to us that the ionizing agency travels down causing, ionization 
in the lower heights. 

In table I we have given the periods at night during which complex 
echoes were received along with the frequency at which observations were 
made. Table II gives a comparative statement of such echoes with reflections 
from F-layer and magnetic character of days as reported from the Colaba Obser- 
vatory, Bombay. We observe that with the occurrence of complex echoes, the 
horizontal force may increase or decrease; the vertical force may remain quiet 
or it may be the only element of the earth's field to get disturbed. There arc 
also occasions when all the three elements get simultaneously disturbed. Some- 
times complexity occurs at the same time when the earth's field gets disturbed, 
while at other times the former takes place earlier. As it is now almost certain 
that the occurrence of complex echoes and disturbances in terrestrial magnetic 
field are due to irregularities in the upper ionized strata, and as our observations 
have shown that complex echoes are observed with different effects on the 
earth’s magnetic field, it seems that every time when complex echoes are seen, the 
nature of the disturbance in the upper ionized regions is not the same. 


9 
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Table I . 


Frccjlicncy iti Mc/sec. Bt 
which observations 
u'erc wade. 


Time (luring which 
complex echoes 
appeared. 


1 

3 ’5 

2330-2400 

3 o-u )-37 

3 '5 

00000120 


3'5 

1000-1040 


2*8 

0030-0520 


2-8 

2030-2300 


3 '4 

1930-2000 


3 '4 

a loo 2400 

27-1-38 

3 '5 

025(^-0320 

9-2-38 

6*0 

0100-320 


6‘o 

0515-0650 

13-2-38 

5 '4 

2100-2400 

14-2-38 

5 ’4 

0000-0050 

15-2-38 

5 4 

2050-2400 

J8-2-38 

7 '8 

213<;>"2350 

ig-2-38 

5’4 

2030-2400 

20-23-8 

5'4 

0000-0155 


3 '9 

2020-2400 

21-2-38 

3'9 

0000-01 <X) 


3 ’9 

2IIO-2400 

22-2-38 

3'0 

0000-0100 

23-2.38 

5'5 

I 945 - 203 O 


5 '5 

2148-2400 

24-2-38 

5‘5 

0(X)0-0200 


5 '5 

0340-0430 


5’5 

2230-2330 

25 2-3^^ 

5 ‘5 

2235-2400 

26-2-38 

5’ 5 

0000-0550 


3*5 

2I20-24CX1 

2 7- 2 -38 

3 *5 

0000-0145 
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Ionospheric beJiaviour 

^Magnetic charac- 
ter as reported 
hy the CoJaba 

1 Observatory^ 

1 Horn bay. 

1 RiiMAKKS. 

Date. 

1 

I RefJcctions 

1 froni K- 
' layer. | 

1 

1 Complex 

1 echoes. ^ 



C 

Quiet 1 

Complex echoes ob.served for about 
(wo Jiuiirs. 

1 - 12-37 

K 


Small 


10 - 12-37 

B 


Small 


10-1-38 



Quiet 


12 1-38 



Small 


13-1-38 



Small 


15-1-38 



Small 


17-1-38 

B 

C 

Very great 

At about 0245, the time of appear- 
ance of complex echoes, a sud- 
den decrease in the vertical ft)rccs 

1 was noted and a similar increase 
in the horizontal force was also 
observed. The latter, however, re- 
mained disturbed throughout the 
night. The decrease in declina- 
tion was observed at 0330. 

18-1-38 

E 


Small 

1 

Reflections from K were present 
before disturbance in II. F. and 
V, F. was observed, but that in 
D tof^k plac‘e afterwards. 

20-1-38 



1 

vSiiiall 


21-1-38 


c 

Moderate 

Sudden rise in H. F. during the 
existence of complex echoes. ^ 

22-1-38 

B 


Very great 

Great disturbances in all the three 
elements lasting for several hours 
were noted in the magnetic ele- 
ments ; but when the peculiar dis- 
turbances in virtual height of the 
K-laver tix)k place, the magnetic 
disturbances were over. 

24-1-38 

26-1-38 

n 


Small 

Moderate 

Virtual height curve tjuite regular. 

Disturbance inH.F. and V. F. ovet 
several hours be fore the appear- 
ance of sporadic K-reflections in 
the early morning. 

27-1-38 

B 


Small 
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Taui<K II (contd.). 



l(iiir)S])hen\ 

; hehaviour. 

f 1 

j 

lAIagnelic character 


_ , 

— , _ 1 

as reported by 

1 

Reflection 
from n 
layer. 

1 

1 

Coinjilex 
ei'l IOC'S. 

the Colaha 
( )l)ser valor}', 
Roinbay. j 

j RliM\UKs. 

' 1 

5 - 2 - 3 « 



Quiet 

Nothing iinusiuil in virtual height 





curve. 

6-2-38 



Moderate 

Increase in ionization of the 1^- 

i 

1 



region noted lietwecii ooi.S'0400 , 
time coincides with disturbance 






in 11. K. 

7 - 2 -,lS 

... 


Small 

(P', tl I'lirvc quite regular. 

K-2-3R 

... 

C 

Great 

Strong complex echoe.s appeared in 


1 



the la.st phase of the storm w hen 
Jl, V. began to increase after 
undergoing a decrease. 

()- 2 - 3 R 


c 

vSuiall 

Weak complexity. Time does not 





coincide with magnetic distur- 
bance. 

10-2-38 


... 

vSliiall 

(P’j 1) curve regular. 

11-2-38 

... 


Small 

(P’, t) curve I'egular. 

12-2-38 


c 

vSiiiall 

Weak eoniplexity. Time of fiegin- 





ning coincides with the time of 
distiirhanccs in V. 1 '., H. F. and 
D. , hut complexity continues for 

2 hours afterwards. 

13 - 2 - 3 R 


c 

Small 

Weak eomplcxity, but no time 

15-2-38 




correlation. 

... 

c 

Quiet 

Sufliciently strong complexitv 




1 

observed. 

17-2-38 

... 

... 

Quiet 



18-2-38 

... 

c 

Quiet 

Some small rise in H. F., a little 

19-2-38 


c 


before complexity appeared. 

... 

Quiet 

Strong complex echoes observed. 
Kxaniination of the magneto- 



20-2-38 


c 


grams showed that H. F. w^as 
very quiet, but there were some 
di.shirhanccs in V. F. 

... 

Quiet 

’ 

21 -2-38 

... 

c 

Quiet 


22-2-38 

... 

c 

Quiet 


23-2-38 


c 

vSnial] 

Complex echoes appeared four 




• 

times during the night ; at the 
heginning of complexity small 

2-1-2-38 1 




iiirrcase in TT. P'. noted. 

«*« 

c 

Quiet 

Complexity fur less than an hour 





and just at that time a small rise 
in H. F. was noticed, otherwise 

25-2-38 



Small 

the day was very quiet. ^ 


L 

Complexitv found during tlie 





disturbed period as well as after- 
wards. It begins Avith deflec- 





tions in H. F. and V. F. 

26-2-38 

K 

1 

c 

Small 





I’LATK V 



-j-ido (»1(M) n-|0(i ()7(K) 

Time ( J. S. M' 

I’i-. 



22t)(l OlOO 

Tiiin' ( I . S. T. ) 
Ki-i. lu. 
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(c) Reflcciions jiom E-layer. 

1 jiblc III gives the periods during which refieclions fiotu the K-laycr were 
received with the frequency of the waves used in tlie experiments. The observa- 
tions were generally carried out duiiiig night, hence the tal)le gives such periods 
only (luring- night-hours. 


Taiu.k IIT. 


Date. 

rri.‘(iuem’>' ill Me /sec. at which 
ohsci vation.s wcic made. 

'lime during which reflections from 
the layer appeared. 

30-10-37 

3 \S 

1S15-1830 


3 5 

2110-2230 

9-1 1-37 

So 

2100-21^5 

I-I 3-37 

2 '9 

1S20-2400 

2-12-37 

2 '9 

0000-0020 

10-12-37 

2 '9 

i03tJ-2ooo 

12-1-38 

2 9 

1810-1920 

1,3-1-38 

aS 

1S15-1911) 

17-1-38 

a-S 

ifji^o-ao/jo 

18-1-38 

2-8 

0030^:1245 


a’S 

<‘M 55 ‘<-^ 63 o 

22-1-38 

3'5 

2200-2330 

23-1-38 

3 ’5 

0510-0620 

26-1-38 

3 ’5 

18^5-1930 

27-1-38 

3*5 

0130-0240 

28-1-38 

3’5 

0120-0230 

21-2-38 

3’9 1 

1800-2000 

26-2-38 

3'5 

1815-2310 

... 

. 3*5 

0000-0620 


(/) Existence of h\-rcgwn after Sun-set, 

In a previous communication^ we have reported that our ionization measure- 
ments showed us separate existence of Fi-region till about ic o clock at night 
instead of till suu^set as reported by other investigators. The present investiga- 
tions also gave us a similar evidence. Figuee 9 obtained on January 27-28, 1938, 
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at a frequency of 3.5 Mc/sec. clearly shows that from the befiinning of the record 
at 1850 three multiple reflections from a virtual height varying from 270 to 225 
kms. were received, but at 2150 suddenly there appeared reflections from an 
eijiiivalent height of about 360 kins, also simultaneous witli previous reflections. 
T'^or a period of about 20 minutes echoes from both the heights were seen but 
afterwards only the liiglier layer reflections remained. It seems that in the 
beginning the waves were reflected from the Ki-region, then for about 20 minutes 
the x wave was reflected from the Fj-regioii while the o-vvave was returned 
from the Ky-rcgi(ni. Afterwards the reflections took place from the F^-region 
alone. Although this is not a conclusive proof that the two regions coalesced 
at the time of disappearance of reflections from the lower height, for it only 
means that the electron density in the region fell below that required to 
reflect the waves having a frequency of 3*5 Mc/sec., yet it points out that the 
Fj-region existed at least till this hour. 


ig) Some Abnormalities. 

Sometimes, especially in the early morning hours, we have observed broad, 
diffuse and weak reflections coining from an equivalent height of 1000*1500 kins. 
(.)n several occasions these reflections persisted for short periods even alter echoes 
from the normal F-layer appeared. 

We have also observed that during the early part of night, weak reflections 
persisted after the weaves had penetrated the region. Tlicse would disappear if 
the frequency was raised by about ‘5 Mc/sec. and would not show penetration 
phenomena. 

Several times we have seen that near the penetration frequency a single pulse 
instead of breaking up into only two components gets separated into three and 
even four components which disappear one by one as the frequency of the 
waves is raised. 


f//) Note on Figure 10, 

In a pievious section wc have iiieiitioiied Colw^eirs claim of predicting weather 
conditions from the knowledge of radio broadcast reception. Figure 10 taken 
on Jauuaiy 122-23, 1938, shows possibilities of similar predictions from direct 
ionospheric studies. We observe that unusual disturbances occurred in the virtual 
heirht of the h -legion on this night and the abnormal E appeared twice. These 
distui oanceh weie connected with a severe western disturbance aud the weathe^ 
on the fullowing day was found to be extremely bad. I'he conditions of broadcast 
reception dining this period were found to be very poor. 
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JUPITER’S ATMOSPHERE* 

By a. C. BANERJl 

AND 

■ NIZAMUDDIN 
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abstract. In thi.s piper the tivo nvxicl.'i of Jnpilcr’.s atmosphere, vt,, adiabatic and 
v.thertml, have hecn con.sidered. The variability oflhe period of rotation of the atmosphere 
• Icpendinfi on tin latitude and tlic variation of gravity have both been taken into aeeounl- 
The datum level of Jupiter is the effective radiating and absorbing layer-- probably a cloud 
laver -at a certain height in the atmosphere It has tlie observed temperature of 150'' Absolute. 

Tlie auth(.rs have iiivestigaled the relation between p.x-,ssure and density at any depth bclo.v 

th.' datum level and at any height above the datum level, in each of the two easc.s, vt.. (i) when 
Die atmosphere eon.si.sts of meth.ine only, and (2) when it con.si.sts of a mixture of one part 
of tnethane and six parts of hydrogen- Kven taking the atmospliere to be in adiabatic 
condition below the datum level and in isothermal condition above the d.atum level the authors 
have found that the total thickness of the atmospheric layer cannot, in any ea.se exceed icjoo 
kms., and possibly it is bedow 1300 kins. 


Before 1923, it was widely believed that the four great planets were very 
hot and that a large fraction of their volume was occupied by gas. In 1933 
and T924 H. Jeffries* investigated the physical constitution of the outer 
planets and suggested that they were cold. This conclusion was subseyuently 
corroborated by observation which indicated a surface tempeiature of 150 
absolute, for Jupiter. In a subsequent paper he further suggested that Jbe 
Jupiter was formed of a rocky core covered by a thick layer of ice and that there 
was an atmosphere of more than 6000 kilometres in depth surrounding this icy 
layer. In 1934, Wildt “ showed that an extensive atmo.sphere surrounding the 
surface of Jupiter will involve great density which makes it highly improbable 
that such an atmosphere exists there. Wildt gave 600 kilometres as the maximum 
depth that may possibly be attained by isothermal hydrogen atmosphere obeying 
gas laws. 

In 1937, M, Peek’ investigated the physical state of Jupiter’s atmosphere. 
He found even smaller values for the maximum depth for the atmosphere than 
was indicated by Wildt. 

The datum level of Jupiter is not the planet’s solid surface, but it is the 


4f 
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effective 


on 


,„,r,,ahv’ 'incl absorbing layer-probaWy a cloud laycr-at a cerbi,, 
• ' ^^wK„/lere Tiw datiufi leA'cl docs uot rotate as a rigid body ; 

t/,f!lcr iZd it is observed that the period of rotation depends upon f/,e 
J U/tude Peck has (alceu the observed teniperature of 150° Absolute to be the 
tei,.i.er;Uure of the datum level He has taken three models for Jupiter’s 
iiimospherc, T/c., (1) the adiabatic, (2) the isothermal, and (3) a compromise in 
which an ciiipirical relation is assumed bclvA'een the depth and the lapse rate of 
emperalure. In the first two cases for the purpose of iiuinerical evaluation he has 
rcated tlic atinos])here as thonf>lj it was entirely composed of methane. In 
the third case not only he took luelhaue in the uiimixed state, but also in two 
nixed states with two ditTereiit proportions of hydrogen. lie investigated the 
■ehitiojis between pressure, depth and density only at points below the datum 
level and not uinvards in the atmosphere external to the datum level. He 
found that at a dei)th 25 kilometies below the datum level, atmosphere would 
l)robably become unrecognisable as such by tlie meteorologists. 

In his investigation Peek has not considered the varialn’lity f)f the period 
of rotation of TupitcT’s atmosphere. From observations of the spots near the 
pole the peiKid is found to be alnmt o'' 55'" vvdiile for the cciuatorial spots it is 
about 9* 50''*. It appears that there is a smd of relative inolion or general 
circulation in Jupiter’s atmosphere. No salisfaclory reason can be given for this 
relative motion as the theory of general circulation of tlie atmosphere is still 
very imperfect. 

We have assumed the following formula for angular velocity at any point 
in the planet's atmosphere : 


I H- a-i 




d 

1 siiF 0 

V) 



... (i) 


tude of the place. Here w,, is the angular velocity at i)oiiits,_whcre ^==0 and 
R is the radius 01 the equatorial section of the datum level which is tlie 


stratum of the atmosphere that gives rise to the observed tempeiaturc 150" 
Absolute, and a a and aie numerical constants. It may be mentioned here 
that spectroscopic observations * show that there is an equivalent atmosphere of 
one mile of methane and ten metres of ammonia at normal temperature and 
pressuie above the visible photographic surface which we may take up as the datum 
level. The pressure at tliis level is calculated to be 0-335 atmosphere (earth's). 

home explanation seems io be necessary for the assumption of the above 
formula for the angular velocity. If the axis of z is the axis of rotation, ve 
have the fullowii'.g equation fui relative equilibrium : 




= V+ Y'^(xdx + ydy) = V + 4 I w'-^dix^+y^), 




i'2t 
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where V is the potential of the extraneous forces. In ouier that this equation 
may be integrable we must have a functional relation between P and p, and 
between to and 4-3''*^, i.e., r sin 

We have to choose positive powers of r sin in order that w may not become 
hifiiiite when <9-0. It will be seen later on that a. is ncgaliye, and numerically 
greater than consequently within the atmosphere whose depth is small com- 
pared to the planet’s radius, to decreavSes as r increases along a radial line. 

We have taken account of variation of gravity which was neglected by Peek. 
We have considered two models, (i) adiabatic, (2) isothermal. We have investi- 
gated the relation between pressure and density at any depth below the datum 
level and at any height above the datum level, in each of the two cases, viz., 
(1) when the atniusjdiere consists of methane only, and (2) when it consists 
of a mixture of hydrogen and methane. We have calculated the possible 
mrixiinuin depth of the atmosidiere below the datum level and also its possible 
maximum height above the datum level. The density at the outer boundary 
of the atmosphere is taken to be the iiitev-stellar density,'"' viz,, to"^'’’ c.g,s. 
units, and the density at the inner Ixmndary of the atmosphere is taken to be 
the density of solid ammonia, viz., 0*82 e.g.s. units, to allow for maximum 
possilde depths. Alternative calculations have also been made by taking the 
density at the inner ])uundary to be that of solid methane, i.e., u'qa e.g.s. 
units in the first case and to be that of solid state of mixture, i.c., cj 27 e.g.s. 
nnibs in the second case. 

For the period of rotation in different regions we have taken the following 
data for the year 1928, from two papers published by A. >Stanley Williams in 
1931, the data for lalei years being not available : — 


Region (south lyatitude). Mean Latitude Rotational 

(south). Period. 

Z^S to i6\S 8\S c/ 50^" 19*2^ 

27“vS to 37"S 32'’S 9" 55" 22-6' 

37°S to 55°v"i 9" 55™ 9'8‘ 


From the three rotational periods we calculate three values for w which are 
assumed to hold at the meau latitudes of the three regions. 1 hese values are 
now substituted in formula (i). We thus get three equations which determine 
the values of a^, and <uo : 


an= — ‘06776 (numerical factor) 
a4= + ‘05819 ( „ M ) 


(3) 


(Oo = — " — radians per sec. 

35040 
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( )ur fiiiulaiiioilal efiuatioiis ' of relative equilibrium are ; 


6P 

dr 



-h (l'- 


ar 

a/. 




9-X 

dfi 




I 

i 


( 4 ) 


Here i is the radial distance and p = cos 0 , where 0 is the polar angle, and V 
is the gravitational potential due to Jupiter *s mass, and o) the angular velocity at 
any point of the atmosphere. 

Taking Jupiter to he an oblate spheroid we find the expression for the gravi- 
tational potential ^ to he 




/ 

Rl. 4 




1 

3 5 ' 

[ ' / 5 

7 

\ ^ / 



where M is the mass of Jupiter, O the universal gravitation constant, R the semi- 
equatorial diameter, c the eccentricity of the Jupiter. Taking the semi-equatorjal 
and semi-polar diameters of Jupiter to be 71370 and 66620 kilometres respec- 
tively we find e" to he ‘1287 and thus neglecting terms inside the bracket con- 
taining (which is of the order ’0001) and higher powers of c, we get 



We may remark here that as the extraneous forces are derived from a poten- 
tial function, the equi-deusity surfaces are also ecfui-pressure and equi-temperature 
surfaces. 


I. I 8 O T H U K M A Iv CAS K 


I. We shall now consider the isothcnrial model. In this case 


P “ p = Kf) where K — 

where fi is the universal gas constant and its value is 8' 26 x lu^ e.g.s. units. T i.s 
taken to be 150" Absolute which is the observed temperature for the datum 
level. 



Putting P “ K/> and w = (dq 3 -f 




R 





in our equations of relative equilibrium (4), we get 
k 


a 

6 r 


- 9V . 

' — — - - + 0 .) 


0 ' 




2 . rV 
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- I'' 

O O fi 


i + aaf" (i-/*®)® 


.R 


R 


Multiplyiug the first of these equations by 8r and the second by 8/i and then 
idding and integrating, we get 


k log = V 




3 


r 

R 




3H( .» y’’+“4 
iR / lo 


1 

R 


+ constant 


(7) 


US the complete sohition of the equations of relative equilibrium. 'Hie arbitrary 
xnistaiit can be eliminated by substituting the given conditions. In each case we 
diall only consider the variation of density along a definite radial line, lienee 
in evaluating the arbitrary constant we shall not change the value of 0 . 

If p^fjQ when rn, we get from (5) and (7) 


/v log 


tPO 


z=.GM 


I ’ '■<'! 


5 ' (r" ri; 


f. i( 

1 '“ '8 1 


H- ial 


) 
) 


' I ^ ^ 


5 7 






10 


( 8 ) 


We shall take Po lu be the density at the datum level which is assumed to 
be an equi-density surface for which the observed temperature is 150® Absolute 
and pressure is o’335 atmosphere (Kartli's).^^ 

(A) We shall first take the atmosphere to consist of methane only — in this 
case p=i6 being the molecular weight for methane. 

1. Equatorial Plane, — Let us first calculate here the density in the equa- 
torial plane. In the equatorial plane and we shall take ro = R (equatorial 

2 

radius of Jupiter’s surface) for datum level in this plane, for the sake of con- 
venience in our calculations, since the error involved is of the order we are 
neglecting. We assume that the total height of Jupiter’s atmosphere is small 
compared to its radius. For a point in the equatorial plane within the atmos- 
phere at a radial distance 0 R from the datum level we take t=R+ 0 R. 
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Neglecting 


SR 

R 


2 

I and higher powers of 


SR 

R 


we get after simplifica- 


tion, for the value of p at » = R-i-SR in the equatorial plane from (5) and (7) 


log 



C.mI SR ^ 

KR \ R 10 56 


-h 


K ' 


I + a2 + fl'4 


... rg) 


We take P(, to be tlic pressure at the datum level and its value is o'335 
atmosphere (Earth’s) , as given by Peek. Now from the relation Po = Kpo' where 
K = 7 75 X 10*^ c.g,s. units (in this case g = 16) and i atmosphere ’’ is eqtial to 
1013600 dynes, and we find Pt, = '000438 e.g.s. units. 


We take the mass of Jupiter to be of Sun’s mass as given by 

1047 4 

Uussell- ' ^ Now vSim’s mass is i '985 x 1 0^ grammes as given by Eddington. ^ 
Thus Jupiter’s mass is found to be i'8q6 x 10 ’*’ grammes. 

Here (1 is the universal gravitation constant and is equal to 8'66 x lo"*^ e g.s. 
units. Now for calculating the height of the outer boimdai'3^ of the atmosphere 
we jiut /'= lo"'"*'* e.g.s. units, which is known to be the inter-stellar density. »Then 
our equation becomes, on sulislituting the numerical values, 


— 22‘64i.'5 = 


fiR x_(-3'0403) 

TO** 


(e.g.s. units) 


which gives the value of SR = 74'47 x lo'’ cms. = 74'47 kilometres. 

Now for finding the dejtth of the atmosphere below the datum level, we 
take p to be the density of solid ammonia which is o'Se (e.g.s units) in order to 
allow for the maximum possible depth. Then substituting the numerical values 
as before we got 


3 . 2723 = - X 8 R 

10 

which gives fiR= —10 76 x to*’ cnis. 

The negative sign stands for the depth which comes out to be io ‘76 kilo- 
metres. 

Next taking p to be the dciJsity of .solid methane, i.e-. o '42 e.g.s units, we 
get y'Si kilometres aS the deihh. 


(fi) Colatitude ^^=30°. 

We shall now calculate the density at any point in the radial line for which 
(? = 3o“. As before we .shall calculate the radial height of the atmosphere above 
the datum level, for which /'=po, and also the depth of the atmosphere below this 
point along the radius. Here also for the sake of convenience in our calculations 
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^vc]»utTo = rl, for the tlatum level, where rj is the radial distance from the 
centre of Jupiter of the point on its surface for which ^ = 30°, the error being 
of the order we are neglecting. For a point in the radial line ^* = 30 within 
the atinosidiere at a distance «r i from the datum level we take r = rj + 8 r, . 

Putting r=ri+8ri and <?~3o” in formula (7) and neglecting 



auii higlier jjowers of 


U 


we get 


log 


(poV(’M 

\r ) Ivr, 





-.5^ 


.i 


2 2 





I +(ia. 



a 





(10) 


'I'he values of 7, l’.^ and are found to be 

7 l =()‘772 lo*’ cms. 

l>2--(.e5 ^ (lO 

i \^'0225 

vSiil )Stitu ting the nun icrical values from (3) and (ii) and imtting p-iu 
(e.g.s units) for the outer Ijoundary of the alnios])herc, vve have 

— 22'64I5 = — ^ units) 


. - 22'(V11 S X TO* 

fVri'“ 


32678 


6’y2S X To^' cnis. 


= 69’28 kins. 

the height conies out to be 6y'28 kins. Similarly ]jutting — o 82 foi 
tlie inner boundary vve gel, for the depth of the atmosphere, 


3.2723= ^ 267^^1 (c.g.ji. units) 

10** 


X 3_;2723_ ^ ^ X !(/• cms. 


- --■3-2678 


= — xo'ui knis. 


Therefore the depth is lo'oi kiloineties. 
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Again taking = density of solid methane we get the equation 

. ,, -s’adySxSri 
2 9817= - 

10 ‘ 

or 8r3 = — y i2 X 10'’ cins- = — y’la kins, 

the dci>th is 9'i2 kins. 

(B) Next let us suppose the alinosphere to consi.st of a mixture of 1 part of 
methane and 6 jiarls of hydrogen. 

In this case the value of becomes 4 instead of t 6. We substitute the new 
value of fi in our e(]uations and proceed as before. 

(i) Equalpiiaf Plane- — In the equatorial plane, the height of the atmos- 
phere above the datum level is fomid t<) be 297 ‘88 kins. The depth below the 
datum level is found to be 43 04 kilometres, if the density of inner boundary is 
taken to be o‘83, i.c., the density of solid ammonia. 

Next if we take the density of the inner boundary to be the density of solid 
stale of mixture, i.c., o'27i we find the depth to be 3t>'7T kilometres. , 

{lit Cohililudc 0 = . — Considering the extent of atmosphere in the radial 
line and proceeding as before, we find that the height of the atmosphere 

above the datum level is 277' 12 kilometres and the depth below the datum level 
is 40 04 kins., if we take the density of the inner boundary to be the density of 
solid ammonia. 

Again if we take the density of the inner boundary to be the density of solitl 
state of the mixture, i.c., o’ 27, then we find the depth to be 34’i5 kilometres. 


II. A D I A B ./V T I C M O D K L 


(C) In considering the adiabatic model also, we shall first assume that the 
atmosphere consists of methane alone. The relation between pressure and density 
in this case is 




where 



here y denotes the ratio of specific heats. We shall put y=i + For methane 

/!= 16 and now taking as before the value for the pressure Pq at the datum level 
in the equatorial plane, to be '335 atmosphere (Earth’s) and T=i5o“ Absolute, 
and substituting numerical values in (12), we find that K8 = 7’884 x 10'' 
e.g.s. units. 
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A 


NawpiiUiii}- I’-Ka/' ^ in the fuiidaiiicnlal equations (4) and iiitegra- 

as l)elL)rf , \vc 


r 


3. P. (Tic \ P. f Jk, 
3 5 \ > J 5' 7 A r 








’"f ■(;.)’ 


+ constant ... (13) 


As bjfoiv till* constant can bu evaluated for a definite radial line from the 
-iveii conditions, lu this case the right hand side of equation (8) remains tlie 

siiiij and for the lefL-liand side we shall have k-j fi+A)L) ^ ) instead of 

\ 

A' log 


</) lujuaioiinl l^latie . — Wc shall lirst find the extent of the atinospheie in 
the ei)\Liu>ri‘d plane. Putting 


/' = /Aii J'o-R, 0 ^- 


iid r — I\ + M\ 


and pioceedirig exactly as in the isothermal case, we get 

-po ^ 1= -23*56 X 10^ X ;iK. 
On substituting the values of K2 and A, we get 


1 1 

~p(. 


.A _ A I X '06896. 


For finding the height of the outer boundary, wc put p=io'“^^’ (e.g.s. units), 


thal^// j = 09828 (c.gAS. units), and the height is given by 

rtR= — kills. Again for finding the dcidh 
'06896 
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of the atmosphere below the datum level, we first put p — 0‘82, which gives 


-p,/ so that the ‘1cpth= -SR- cms. 

= i22’4 kins. 

Next takinj^ to Ijc density of solid inelliane 0*42 vve find that 


'6726 (c.j^ .s. units) so tliat the depth (-»^R) comes out to be 

97'54 kins. 

(a) ( olaiiludc ^ = 30*^'. — Next lei us find the extent of atinesphere in 

colatitude 6^ = 30''. Proceeding exactly as in the isothermal case and substituting 

the values of K2 and A \vc get where >hi has the 

same meaning as before. 

Putting e.g.s. units, for the height of the outer boundary, \vc get 

cj TO^’ X ‘0QS28 . ^ ^ 5 . - - 

= 13 26 X lo*" cms. = 13 26 kins. 

07413 


Similarly putting p = 0*82 for the density of the inner boundary, we g‘t, 
for the deptli below the datum Icvek 


— 0; j = IP_ ^ __ 43 ^_ j 'cms. ~ I i3’o kms. 

■o 7 'li 3 

Again putting p — o'42 for the density of the inner boundary we find the 
depth below the datum level to be 90*74 kms. 

(D) Next let us consider the case of the atmosphere consisting of a 
mixture of i part of methane and 6 parts of hydrogen. In this case the value of 

M = 4 and i+y-1’4. ConseqUiently A = -5 , 

A 2 

With these uew values for p and A we find that value of Ka in this case Is 
i'i9ixio” (e.g.s. units). 

(ij Equatorial Plane . — Our equation giving the density in the equatorial 
plane remains the same in form as in C (i) except that the values of K j and A. will 
be changed, and we get 


(i +A) 



I 


Po 


A 


= - 23-56 X 10“ x8R 
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Substituting the numerical values of Ko and X and putting p = c.g.s. 

units, we get, for the height of th ' atmosphere above the datum 
Il'VcI, 

SR= ”453^^10 — g-Qjp X 10*’ cms. = 8o'i9 kms. 

5657 

Similarly for the depth below the datum level- we gel 

j,, "878/1x10” 7 -1 

= .. .1 - = 75 53 X 10' cms. =15 53 kms. 

5657 

l)y taking p = o"82 (c.g.s. units) at the inner boundary. 

Next putting the density at the inner boundary to be o'27 (c.g.s. units), i.c,, 
the density of solid state of the mixture, we get — RR= = 967 ' 4 kms. 

as the depth below the datum level . 

[ii) Colaiiludc 6 = -^o '^. — Similarly we can find the density at any point in the 
niclial line (? = 3o'\ by proceeding exactly in the .same way as in the isothermal 
ease. We gel 


K2(i +A) 




-^ 5 'M ” 10® X 8R ; 


[ !- ]r\ - "608 X 8k . 

siibslilulmg for Ka and A, we getl p -po j~ ~ jqH 

Putting p = io“®“ (c.g.s. units), we get for the height of the atmosphere above 

ibe datum level, 8 r= - = 74 ’59 lo'"' cms. = 74"59 kms. 

608 

vSimilarly putting p=o‘S 2 (c.g.s. units) for the density of the inner boundary, 

',ve get — 8 R=- 5 Z§ 4 ili?® = i4'45 x lo’^ cms. = 1445 kms. as the depth) below the 
'608 

datum level. 

Again putting p = o"27 (c.g.s. units) for the density of the inner boundary we 

tiet -8R= 547 i-ggQ‘y as the depth below the datura level. 

’608 
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Tahuc 1 

Aiiiiu.'^i'Ifcri' Ilf MfUuinc ii.iWf 
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j Aclinluiir 


/ 

■' P(j naif Ilia) 

1 Co latitude 

piliuilon’a 1 

Cola tit lick 


1 i)Iaiie. 
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G=^o\ 
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fJei^dil iij kins, ahow' 1 !je daliim Ic \'C'l 

7^1 ''17 

1 (x/jS j 

J4'2.S 

1 cr^.6 

Dejilli in Kins I)elo\v IJie rtalnin level, 

o-Sj 

j 1 

(/1 2 

97 ‘5^1 1 

5P'"4 

taking the density at tlie inner hoiindary 
to be that of solid iiKthaiie. 

])q)lb in kins hi k w the datum Jeveh 

3O‘70 

lO’Ol 

I?, 2 ’ /I 

113 ’':/ 

taking the densil \ at the inner boundary 
l(j Ii(! that of solid anniiOnia* 




# 


Taiii.k II 

Alniusplicrc: ooiisisliii^ oi' a inixliiK* of j ]iail (f Md];a}iL ai.c! h ] a, its (){ 

Ilydiogcii 



JsoIJa 1 lual 

.Adiahatir 


Ihjrah-iial 

Cola tit rale 

lUjiialf rial 

t'oJatilude 


plane. 

B - 30*^ 

plane. 

61 = 30". 

Height in kins, above the datum level 

207 '8.S 

.177 12 

So-it; 

7^ '39 

Depth in knis- below the datum level, 
taking the densily at the inner boundary 
to he tliat of solid state of inijvinie. 

^(>■71 

3-'l‘CS 


8 cg ‘7 




Depth in kins helfwv the datum level, 
lakin^^ the den.sii>' at the inner h(;imdary 

' 13 ’<M 

. 4 ()'o,| 

1553 

MAS 

to be that I'f solid ammonia.'** 






Assuming the atmosphere lo consist of a mixture of i part of methane and 
6 parts of liydrogeii, the probable thickness of the atmosphere in the equatorial 
plane ai'peais lol e ahonl 334 kms. under isothenua] cuiiditiuii and 1050 knis- 

Juahuv.’ (ijr uiaxmnifii possiMi* drptlis \\\* havt* alsn ealculaled them hy essuming the 
ikiiMly a( the imu r boiuidai y (d the atnio.splicrc tu he that of solid ammonia) alUiough oJih 
Iraces of amiituniu are revealed hy IIk* si)eetroseope. 
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inidcr adiabatic condition. 'I'he datum level in Jupiter’s atinosplicre probably 
consists of a cloud layer as nieiitioued before ; so from analogy of terrestrial condi- 
tions, it will not perlia])S be unreasonable to assiinie tliat from the inner boundary 
(solid surface of Jupiter) of the atmosphere to the datum level, the atmosphere is 
adiafiatic and from the datiiiii level to the outer boundary of the atmosphere the 
atiiinsjjIjLre is isoIlKTivnl. With this assumption tlic total tliiclciiess of Jujhtcr's 
atmosj)licre uill he about j 2 o() kilometres. This is quite a j)]aiisible /igure. We 
cannot extend our terrestrial analogy too far and we have no evidence to sliou’ 
Hull there is any region in Jupiter’s atmosphere in whieli tem])era1ure steadily 
increases with lieight due to ionization. 
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A NOTE ON THE TRANSMUTATION FUNCTION FOR 

DEUTERONS* 

By P. L. KAPUR 

Physics Department, University of the Punjab, Lahore 

( Received for pnblleation, Feb. zS, igj<F ) 

ABSTRACT. Il i.s shown that there is a limit to the validity of the picture of ‘partial 
entry' of deuterons in the eoulomh potential barrier of bombarded nnelei in mielcar renetion.s 
in wliieh the neutron of the deutcron is captured and that thi.s liniit comes out very beautifully 
fntin till- theory puhlislicd by the author in a previous paper. A graph showing the relation of 
the total energy of the out-going proton to the energy of the incident deuteron for different 
values of the potential barrier i.s also plotted. 

In a previous paper^ the author (1Q37) calculated the probability of the 
deuteron through the potential barrier of the bombarded nucleus, when reactions 
of the type 

+ ... (1) 

are involved, on the picture propo.sed by Opitcnheimer and Phillips (1935) which 
lakes into account the large size and the small binding energy of the deuteron. 
The underlying physical idea is th.tt for reactions such as (i) it is not essential 
for the deuteron to penetrate as a whole into the bombarded nucleus giving rise 

to, on Bohr's picture (1930), an intermediate system which disinte- 
grates into ^ ^ , with the emission of a proton. All that is essential for such 

reactions is that there must be an appreciable probability of the neutron in the 
deuteron coming within the range of interaction of the bombarded nucleus, and 
this can happen, on account of the large size of the deuteron, even when the 
deuteron centre of mass is beyond the range of specifically nuclear forces. Once 
there, the neutron undergoes a reaction with the nucleus resulting in its 
absorption. On this picture, which may be called that of 'partial entry’ in 
contradistinction to that sf 'complete entry' in which the bombarding particle 
penetrates as a whole before giving rise to the nuclear reaction, the Intermediate 
state is the final state in so far as the number of constituent particles in the final 
nucleus is concerned. 

* Communicated by the Indian Physical Society. 

' Thi.s paper will be referred to as Ki in the text. 
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If the Jcateron were a ri^id system of charge equal to the protonic charge 
and mass e(jual to that of the jn’otoii or tlie neutron ftlie difference i>etweeu the 
proton and neutron nuiss is neglected) its classical distance of nearest api)r()ach 
would he given 1 )y where is its kinetic energy, Z the atomic number 

of the boliiharded nucleus, and X.j the distance of the proton for the nucleus. 
But now cm account of its small Inhuliiig eiicigy and tlie fact that the neutron is 
not influenced by the coulomb re[Hilsiou the deiiteron centre of the mass penetrates 
a little farther, tliat is to say, the proton is dnigi^al into tlie couloinl) potential 
hiiountain’ of the nucleus along a ‘valley’ created by Hk- i)resence of the neutron. 
The critical value of the incident energy for which the prblon of tlie deuteron 
is dragged along nj> io ihe surface of the nucleus is obviously given by 


J 


R 


(j) 


wliere T is the binding energy of the deuteron and R the radius of the imcleus. 
h'or eiicigics less than li,. the proton does not come w'ithiii tlie range of interaction 
of the mu'lear forces, so that the iiilermediatc state is tlie final slate. But for 
energies greater than Ih- the proton also conies under the influence of nuclear 


forces and we get 


an intermediate nucleus ^ ^ 


+ 1 


wliicli disintegrates into^'a 


lircjtou and a residual nucleus In other words, for energies greater 

Hum Ih- wc pass from the picture of eiiliy ’ to that of ‘comjflete entry/ 
'riiis limit foi tlie validity of the picture of ‘partial entry’ for the ease of deuteron 
is not at once evident in Kr ; it shall be shown, nevertheless, that the above 
physical condition is incorporated in the mctliod employed therein. 


Kee[nug tlie same notation as employed in Ki the path of the deuteron in 
the A, y plane (\ and y denote resi>ectively the distances of the proton and the 
nentron from the nucleus) is given by a -y — o up to a point a — y — Xj and then 
by equation (14) of Ki till the neutron readies the micleus and the proton is 
at a distance Xn ; that is to say, that up to the iioint v= v = Xj the deuteron 
is still a deuteron, but having reaclted this point it no longer moves as a deuteron. 
Tlie distances X,, and Xj arc detcrtiiined by 


/f-'/r.v,,- -i- r 1 




{ijid 


A’-t 


(4) 
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where /j= K/T 
2-fi 


and ^ is determined from the equation 


(/3j+ 


= tan 


{ p I i) 


(d- + 2P — 2 )“ 

y~^-— 


■■■ ( 5 ) 


with y = ; R bL‘in,i^ the radius of thu nucleus. As can he easily seen 

Zc^ 

fioin (5) the upper limit to the value which / 5 ? can have is h'roin (3) and 

(.1) one easily obtains 


^ _ Zc' 
ix; IX,. 




(9) 


which is a positive definite form . 

Hence Xj < X„. The equality si.un holds only when j ; so that one can 
regard X, as the 'break-up* distance for the deuteron of enei.L>y K, because uj) 
to this distance it moves as a deiiteron audit is only after reaching this point 
that it begins to break up, the neutxon moving towards the nucleus and finally 
reaching it, while the proton moves away on account of the coulomb repulsion 
and is at a distance X,; when the neutron reaches the nucleus. 

Xow obvioUvSly as the proton is dragged iii to a distance Xj due to the binding 
energy I of the deuteron, we have 


X , - X ^ ■ 


(?) 


where Xo is the classical distance of ap^xroach. The equality sign gives us the 
upper limit tf) the drag. Taking the equality sign in (7) vve obtain with the 
help of 

P — o or 2, 

vSO that the maximuni vahie that ft can have is 2 ' and we have already pointed 
out that equation (5) which is used to determine ft for a given p has Uf) solution 
for ft ^ 2. When ft = 2, (4) yields 


which is the same as (2). In other words, this upper limit to the value of ft 
as determined from equation (5) just corresponds to the limit of the validity 
of the picture of 'x^artial entry' for the case of deuterons. 

I'Tirther as Xj represents the break-ii]) distance and so the turning ])oint 
for the ]n'otoii of the deuteron, (0) gives us the kinetic energy of the proton in 
terms of the binding energy of the deuteron when the neutron reaches tlie nucleus, 


3 
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i.c., in lernis of the energy with which the proton is ejected out. For ^ 2, the 

proton is ejected with just zero kinetic energy. The total energy of the leaving^ 
proton depends through (i upon the incident energy and the relation between the 
two is shown in tlic accompanying graph. The total energy of the ejected proton 
is given by (4) and is seen to be greater than E = Zc’*/Xa, this extra energy 
being derived from the binding energy of the deuteron. 



Fkjukk I 


Curves showing the 1 elation between the energy of the incident denteion 
and that of the outgoing proton in reactions of type (i) for different values of 

y = • The curves (i), (h), UH) and Uv) arc for y— 0,0, 0,3. 0,32, and 

0,4 respectively. All energies arc measured iu terms of the binding energy of 
the deuteron. 
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A STUDY OF SULPHUR ALLOTROPES BY THE X-RAY 
DIFFRACTION METHOD (PART II)* 

White Sulphur, Black Sulphur and Colloidal Sulphur 
Suspensions in Water 

By S. R. das 

AND 

K. GHOSH 

{Received for publication^ March 77, 

Plates VI and VII 

ABSTRACT It lias been reported previously * Iiy c)iie of tlie niithnrs | (S. K. D.) lliat white 
sulphur prepared from the hydrolysis of 82CI2 povssesses a new structure which is really ditiereiit 
from thcjse of the well-known crystalline modi licatioiis and the name was sujL^L"<^'slcd for 
this f(jnn. 'Hjc present paper describes two other methods of prep ration t)f , namely, (/) 
from *' chilled ” luiiiid sulpliui and Hi) from the sublimates ri| snlplnir. The colour of 
trom the first melhod depends on the temperature ot the licjuid sulphur. Thus, 
it is vvliite from iiy"C to and grey from to 325^^0, aiul wliilc again from 360 X' 

up to the boiling point of sulphur. In the first region the liquid is mobile, and changes to 
higlily viscous state in the second stage and finally becomes mobile again in the third stage. 
Tlie three regions of temperature, mentioned above, are not sharply demarcated from one 
another. Further studies were made as to the stability of at diffei eni temparatures. It 
is shown that at higher temperatures insoluble converts into soluble with a 
rate increasing with the temperature. It is suggested that a layer of vS( >2 is present in the 
insoluble varieties of and . Chemical evidences of the existence of SO-j layer is 
also given. It is further suggested that under certain physical conditions vvhit'li are Jiot yet 
known, SOg layer on the crystallites is in some way responsible for the formnlion of the un- 
stable Sjy variety. It has also been found that if S()2 layer is removed from the cry.stal- 
lites, it is at once converted into soluble prepared from tlie suhlimutcs of .sulphur is 

* Communicated by the Indian Physical Society. 

f Some of the prcHininary works on sulphur, published by the .seinor author in Part 1 , 
had been carried out in collaboration with Mr. K. Kay, M. Sc., and these results were reported 
in several brief notes hi Science and Culture (Vo] TI, p. mS, 1936 and Vol. II, No J2, 1937). 
I^ater on Mr. Ray being totally off from the field the results were critically revi.sed by Das 
with a new camera specially constructed for this purpose, w ith the effect that the accuracy 
of these measurements was greatly increased. The paper (Part 1 ) w as entirely written by 
Das based on those revised data. 
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U) ])(• iriorc Mrililu Ihnii wliaf was preimrcd from frozen liquid sulphur, hut still its stability 
is of jjuu h lowfi unler tliau f)btairiL(l by the liydndvMs (^f vSgClji. 

"rin- strm tuTc of eolloida] snlpbur particles was studied by allowing a fine beam of X-Rays 
1o pass tbioiigli running drops of colloidal solution suspended in water, and it is found that 
the cf»lloidal particles in water are really crystalline in t liaracter like ordinary ortheu’hombic 
sulphur (vS^ ). 

I. introduction 

111 a previous coiiiiiiunieation’ by one of the authors, the results of X-Ray 
investig.alious ou the structures oi the various allotropes of sulphur were dc- 
scribed vXinongst oilier iioinls, it was reported that while sulphur incpared 
by the Iiydi olysis of >SuCb really ]) 0 SvSesses a characteristic crystalline structure, 
ill opi)ositioii to the prevalent views vvliich describe it as an aniorphous allolropc 
of the elenieiil. The name W'as suggested to represent this ali(droi)e and 
Ih c iKwv structure i)ossessed by it will he referred to an fi>“Slnielurc or co phase 
of snliihur in the prescul paper. 

The study of wliite sulpluir has hilherto been so neglected that no iiifoniia- 
lioii about its physical projjei lies can be olitaiiied from the existent literature. 
Really c»f all tlie allotropes of sulphur, it is the least known modification at the 
present moment. 

bh'en lliL' standard text liooks^-* on chemistry only meiilioii the name of 
white sulphur with a scanty descrii>tioii of its method of ))rei>aralion w^ith no 
reference to the proiierlies of this imporUuit allotro[>e. Naturally, tlierefore, 
it was tlioiight imfiorlaiit, and interesting loo, to undertake a tliorongh and syste- 
matic study of Hie i)hysical characlerisiic of . 

It was siin])]y slated in tlie first commiuiicatioii that is easily coiivetled 
into at al^out ScS^’C. The present ])aper chiefly aims at descrilnng the 

results of investigations on tlie transition phenoiiienon, /.c., its dependence 
on the period of heating and tlie lemperatiux\ Two other methods of preparing 

aic also ret)uited, for example, wx have seen that (/) the in. soluble part of 
eliilled lafuid suliihur, w’hieh was ])rcviously known as , is actually found 
to be and {ii] tlie iiisolulde part of the suldiinate obtained by condensing 
vai)our of suli)liur on a cold surface is also . 

In tlie present jiajier we have also presented the results of our later investi- 
gations oil colloidal suspension of sulphur. 

* 

'J' H E ]\1 in' HODS or 1* R li r A R A T r O N OF s 

a 

(i) ‘ (Chilled ” I^iquid Sulphur 

A (juaiitity of snlrluir recryslallised from a oleai solution iu carbon disul- 
phide was heated in a hard glass test tube with the help of an electric heater. 
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The temperature of tlie heater could be coutrolled by adiustiii^^ the resistance 
in the circuit and the temperature could easily be maintained at any point 
within 2''C. 

In the actual cxi)eriment, the sulphur was maintained at a certain fixed 
temperature for al)out an hour and the liquid was sul)sequently poured in an 
agate mortar. T he liquid was thus vSubdenly cooled to the room temperature 
or chilled ” as it is called. The liquid sulphur solidifies as soon as it is [>oured 
out ; the colour of the solids obtained depends on tlie temi)erature at which the 
liquid sulphur is kept before the actual solidification sets in. 

liquids kept at temperaLures lying near the melting point give yellow solids 
like ordinary roll sulphur, whereas those at tempcrritures in the iieighbonrhood of 
the boiling point, freeze into chocolate brown solids. At inteniiediale teinperatures 
we obtain solids of all shades of colours jiassing from bright yellow to chocolate 
broAvn, 

In every case the solid so obtained is treated repeatedly with CvSn to wash 
away the soluble part which is known by the chemists as . 

We ]_)repared a cell of the instduble j^art and immntcd it on the carrier’ and 
exposed in the manner described in the previous communication (Part 1 ). 
Another important point which is worth mentioning, is that the insoluble part 
is first found to be i)lastic, but it very soon hardens up into a brittle solid. 
'Die colour of this insoluble suli)hur is also peculiar in the respect 1 hat in some 
cases the substance is oljtained as a white mass, while in some other cases its colour 
is found to be grey. We have given a chart in Table I which w ill show our 
observations on this i)oint. It w'ill be noticed there that the whole tem])erature 
range in which sulphur exists in the form of a liquid may be divided into three 
regions. The insoluble part separated from the frozen licpiid in the first 
region extending from the melting ]H)int of sul[)hnr up to 221 '’C is white. This 
region js also marked by the mobile state of sulphur, lull near the higher 
temperature end of this range, the viscosity of the liquid commences to increase. 
Ill the second region extending from to 352''C the viscosity of the 

liquid sulphur rises to the niaxinmm ; but again it diminishes at the higher 
temperature end. The colour of the insoluble part derived from licpud in 
this region is grey. In the wdiole of the third region, wdiich begins with 
the termination of the second and extends right u]> to the boiling point of 
sulphur, the liquid is nioliile, but the mobility is appreciably le.ss than that in 
the first region . The insoluble ] 30 rtion obtained in this region is again while. 
Wo must reiiieiTiber, however, that the three regions of temperature mentioned 
above are not sharply demarcated from one another, but each region merges 
in a continuous and gradual manner into its neighbouring region or regions. 

The structure of the insoluble sulphur prepared from liejuid sulphur at any 
tenii)erature from the melting point to the boiling point is of the fype, quite 
irrespective of the colour of the substance. 
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Taiiijv I 


and t'onsisU iu y of 

T( iii[)Crainrc r^f the- licjuid, Ihi- liquid. 


Colour of tlic in.solul)le part 
derived from the 
froze n liquid 


1, 

i,pP'C 

Yellow jind trans])arcnl, 

1 mobile. 


White. 



Yt llou and lianspareiit , 
mobile 


White. 


jgs'I' 

Red niul liauspnnnt, 
slightly viscous. 


White. 



Red and Iraiispareiit. 
viscous. 


White, 

,s 


bright leal and almost 
oj)aque, viscous 


White. 

f). 


Deep red and fq)a(jue, 
ver\ VISCOUS 


( irev. 

7 ‘ 


T>arkivdaDd oj)a(jue. 
very viscous. 

i 

' 

(hey. 

s. 

j()9"C 

1 )paqu(‘ and black, 

Jess viscous. 


(5 rev. 

[f 


( )paqne and Idai k, 
still less viscous 


(hey. 

i(f. 


( Ipaqiic and black, 
mobile 


( )rey. 

1 J. 


( )paquc am! black, 
mobile 


While. 



( >])a(juc and black, 
mobile. 


White. 


^31 "C 

( h)n(jue and black, 
nif»bile. 


White. 



1 ( q)a(]ue and black, 

1 boiling. 


White. 


Diverse colours of siil]>liur ufler different physical treatments and prepared 
by diherent physical or chemical processes present a quite perplexing problems, 
the solution of wljich lias not been attempted as yet It may be suggested that 
itiii)urities of various kinds may bg the rootcause of these “ strategic colours 
of the substance. Tliat the presence of impurities, even in very minute quan- 
tities, influences the colour of a substance to a large extent, is now definitely 
known. But the ca.se of sulphur seems to be quite inexplicable on this simple 
theory. For example, Iiacl the colour of the hisoluble sulphur- separated from 
frozen liquid sulphur, been due to the presence of impurities, its colour would 
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not have changed as shown in the chart. We would, ratlier, expect of one 
and the same colour in every case or it should have gradually passed from one 
coloui at the lowest tcini)erature to another at the highest leinperature through 
all possible shades at the iiiterinediate temperatures. The colour of the cnlne 
solid mass on the other hand, obtained by freezing a quantity of liquid sulphur, 
changes in a continuous manner as has been mcntioiied before. 

We like to add another point in this connection. It lias been ol)served 
during the whole course of our invevStigation that the colour of a heated speci- 
men of changes to a greenish one, the greenish colour getting deeper as the 
conversion of into vS^ progresses. At present, we are unable to present any 
plausible explanation for the colour change of sulphur. 

A comparison of the photographs (Figures i and 2) of this insoluble variety with 
the diffraction pattern of prepared from vSX'h shows clearly that its structure 
is identical with that of . Also the measurements of the Hragg-spacings 
(Table V) to which the rings in the pattern correspond agree well with those of 
vSjjj derived from SuCla. Thus we conclude that the insoluble part ‘‘Chilled’* 
liquid sulphur is not amorphous but i)ossesses an w-structure. 

Several photographs were also taken with si)ecinicns of frozen liquid 
sulphur which were neither treated with carbon disuli)hide, nor j)ovvdered in a 
mortar. 

These specimens, therefore, contained both the soluble and the insoluble parts. 
The ])atterii ill this ease consivSted of a superposed spectrum due to both and 

. The rings showed some local iiiteiisificatioiis and thus indicated a want 
of perfectly random orientation of the crystal grains whicli must, therefore, 
have been large in size. The rings, oji the other hand, were quite uniform in 
intensity, proving thereby that the crystallites were very small, i.c., smaller 
than cm. in each direction. 

The ihcthod just described fiiniishe.s the easiest way of preparation of S*,/ 
But, as will be shown in a later section (vSec. 3), tliis method has a great 
disadvantage. Because, we have seen that prepared in this maimer is very 
unstable and converts completely into within about 30 hours, whereas 
prepared from S^Cly is highly stable ; this point was also reported before 
(Part IC 1 


(//) rrcluiHiiion of from iJiv Subliinatc of Sulphui 

Recrystalliscd sulphur was heated at a temperature lying within the range 
300°C to 444*^0 (the latter being the boiling point of sulphur). But sulphur gives 
off copious amounts of vapour even at 300*' C, which may be condensed on any 
cold surface. The heating, in this case, was i)erfoniied exactly in the same way 
as described in (/). 
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A porcelain ('rucil)k* lid was placed over the mouth of the lest tube which 
had a portion proj.\‘tini^ above the electric healer. Thisi)art was, therefore, at a 
nincli lower temperalnre. When tlie Iieatin^' continued for a few hours, va])Oiirs 
of siil]>hnr were fouinl to condense i>artly on the side of the cooler i)art of the 
test tube and jiartly on the crucible lid placed over the mouth of the test tube. 
If tile lenij)erature of tljc litpiid ^vere raised hij^her, a larger portion of the vapour 
('ondensed on the lid which was cooled with the help of a filter paper soaked in 
water. Sometimes, wc found it more advantae;e(ms to use a number of lids, one 
jejdacinK the otlier as soon as it ^ot heated The thin layer of the sublimate was 
scraped out and collected. 

'fhe cohmr of llie sublimate was \'Iiiiish yellow and at the time of scrajiing 
it was lonnd to be (init(‘ Ihit the idasticity was soon lost. This type of 

plaslieity is a peculiarity of siil]>hur. Whenever liquid siilidiur or vapour of 
sulpiiur is suddenly (jneiiclied to a low temperature, the element, wlioliy or partly 
(dei)eiuHne upon the physical conditions such as the temperature of the liquid 
sulphur and that of the (pienchine. b.ith), ])asses tliroipqh this uustalile plastic state. 
’1‘he plastic in iterial linally transforms into a hard brittle polycrystalline mass, 
insoluble in CS;^. 

'I'he insoluble i)arl of the frozen Ihiuid sulphur, soon after freezing, is also 
plastic and a thin lihn may easily be prepared from it on pressing. In some of 
the exiierinients on this insolulilc form of sulidinr, lihiis prepared in this manner 
were used. 

The sublimate of snliihiir collected in the way mentioned above was treated 
witli carbon disiiijiliidc and the insoluble part was used for taking the diffraction 
photographs. The pattern (Fig. 3) shows tliat this also lias the (»>-structure. But 
this metliod of [)re])aratioii of is very tedious, for, the [irocess is very slow, but 
methods may be devised for a quicker collection. 


3 . T 1< A N S 1 T r O N O V S,., INTO vS„ 

The result of a preliminary study on the transition of into was 
reported in Part ]. It was observed that at a specimen of completely 

transformed into vS^, within 3(1 hours. Tlie problem has, subsequently, been 
investigated in a systematic uay, in order to determine the lowest temperature at 
which the trainsfonnation may take place. Our experiineiits in this line were 
lirsl i>erfonned with , [irepar^^d liy the hydrolysis of S2CIU It was found that 
a .specimen of , prepared 12 months ago, produced a pure iiattern, but the 
])hotograph taken after ig months since the preparation of the specimen, exhibited 
the rings of both and , thus e.stal)]ishing that even at the room temperature 
a certain pi*rcentagc of had converted by that time into Sq . The 
Bragg-spaciugs corresponding to the rings in its i>attcrn are given in talilc IV. 
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PLATE VI 


Fiji. 1 






Powder dii^rams. 


Fig. 1 Insoluble part of ‘cliillccl’ luiuid sulphur-white ( ) 

Fig. 2 ” " " ■ gray IS-..’) 

Fig. 3 ” the sublimate of sulphur ■' ) 

r 

Fig. 4 S,, heated for two hours at 97 ’.‘rC pure ( S ) 
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If vS„j 1)L- kept ;it ii livelier tempenitiiro, the b.uiie traiishniiiiition takes place 
more rajiihly and may he deletted in fewer lioiiis, with the help of its dilTraction 
pallcrii . 

Ki.^iucs 4, 5, 0 and 7 illnstnUu llju eikvl of liciiling a specimen of at 
t)7"\sC for .>3 15 and jo lionrs respectively. FiLUire 4 only shows a pure 
f-)-j).ittern, Fi.i^ure 5 is a sniierposed speclrinn due to and , whereas figure 6 
cxhihilsa jiiiie <i4)aUern. So a coniplele ti aiisfornialion at this Icinperature 
took idace within 15 hours, hhgnre 7 shows tlie edec t of fiirtlier healing a 
siiL'ciinen which already coinertud eiiiirely into S,, - d'liere have aiijieared a large 
iui:ii1)er of sliarp inlraisj spots on the pluitogi apii inditnling the growth of the 
cr>’sl:d giiiins 'Tiiis tl ill raclion j)'iUe)ii reseinhles exactly what was also observed 
ill tils- iMsj oi a luMted speeinien of 01 1 horhoinbic suli)hLir as disetissed in 
Part I. 

In I'aMe 1 1, we ie[ireseut a chart which sLiininari7:es the results of heating a 
st>ccinien of S^„ jM'cpared from S:^CI j for j| hours, at various dilTercnt tempera- 
tures. d'able 111, on the other hand, siiuunarizcs our oliservatioiis in tlie case 
of a specimen of healed f(.>r various 'periods at the fixed lein]>cratLirc of 

P7‘5'C- 

I'he melli )d )f awerlainiue the nature of llie iiatterii in all these cases 
coiislsled in t'oiiijiaring the llraeg-spacings and intensities of the rings in any 
] eitlern w ilh those of ]HU e S,, and . It w'as oljsei \ ed in each (aise that the 
sj)i'niigs ol any si)eeilied ling aeieel with tint oj a ling eithei’ of the n ])at1ern 


d'Aiajk II 


peralnrt' nl 
[JreiiJicn . 

i 

i 

r)f 

licfiting. 

ApproN j>i 1 ■ 1 '1 1(1 Cl 
boliiliilil N . 

Ndliire of ililli (K’tiou j^dtlern. 

vf-r'C 

1 

c; 1 luair.s j 

0 

Pun- pattern 

a ’,'1 /W' 


:: ] hours 

0 

Pure >S^ pattern. 

r);i'g"C 

i 

: 1 IrMir.s 

lO 

Weak a S: vslroug w patlcni. 

71 0 'C 

1 

hoijis 

no 

a tV w patterijs almost efjuall} 
strong 

7 \ 


] hoiii s 

( d 1 

Strong « iJv weak w pattern. 

7 ‘! s 'C 


j.] hours 

■Ss 

Strong a & ueak a< pattern. 

7(e()°C' 

i 

.’1 hours 

(;o 

vSirong a Sc very weak w 
pattern. 



j] 111 airs 

ns 

Pure tt pattern. 

nn-7“P 

1 

1 

e'l 1 lours 

I no 

Pure a pattern. 


4 
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TA11I.K 111 



'Icnip. at whicli 

Colour of llie 

rerceiituKe of 

Nature of diffrae- 

li cat 11 IK. 

tliv spci'iiiieii ! 
was heated, 

liealed .'^jHiciinen, 

j sol able variety 

i 

lion pattern. 

2 Ikiui.s 

i 

07'.s"t' 

Yellow 

j 

: u(j 

Pure w pattern . 

J lours 


Dirty yelhtw 


vStrong (Mf and very 
weak a-pattern. 

lo lioiu.s 

oT’s'd 

( in'euish yellow 

I 

1 

1 

w and a patterns 
almost equally 
strong. 

T5 hours 

07-5°C ' 

(ireeiiish yellow 

j 

Pure a pattern. 

20 hours 

97-.s"o ; 

(iieenish grey 

1 fjK-i 

1 

! 

Tkire a-p£ittern with 
sharp spots. 

1)1 of the 

"•-Iiatteni. No 

rini; appearefl, 

Avhioli could 

not 1)0 iduiitilicd 


in this way. Table TV shows clearly the results of classifying the 
rings into the aiiprojiriale patterns. Columns i and e show the .s])ncings 
and iiiten.sities of the rings obhiined in the cases of pure and 

respectively. 

In Table V, we have collected the Bragg-siiacings of prepared forns (lO 
SijCln, (/') frozen liquid sulphur, and (r) the subliinate of sulphur. 'I'he table 
also gives in Cuhinin .] the lhagg-spacings of the rings in the pattern of the 
in.soluble part present in a spechneu of heated for 2.) hours at /(^C. It will 
be seen that the insoluble part so obtained is . 


Conversion of S,„ into has been studied also with preiiared as the 
insoluble fraction of solidified ii()nid sulphur which is maintained at diffeieiit 
tenii-icratures before the solidification, h'or this purjiose, several specinicius of S(„ 
were prepared from liipiid suli»hur kei)l at each of the follow'ing temperatures — 
r,|.t°C, T77'’C, ia5"C, 2 12“C, 200"^’, 3bi'’C, 45i‘'C, 4.14"C. The patterns 

obtained in the case of any specimen by an exposure of about ten hours, starting 
iuimediatcly after the preparation of the specimen, arc exactly similar to the vS^,, 
pattern. 


Another .set of photographs was taken with S,„ prepared from the liquid 
sulphur at the abovementioned temperatures. In this ca.se each of the .speci- 
mens was lir.st kept at the room temperature for about eleven hours after its 
preiiaration and was exposed, at the end of that period, for about ten hours. The 
olxservatioiis made ar c summarised in Table VI which shows that Sj,, prepared in 
this way is highly unstable and converts considerably into within a few 
hours, even at the room temperature. 
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Tahu: IV 
vSpaciiigs in X. units 



Similar experinienls were ])erfoniicd also with vS<^j l)rui»aK-d from llic sub- 
limates of sulijlnir. In this case, the substance is found to be more stable than 
what was prepared from frozen liquid snliduir. Ihil still, its stability is of much lower 
order than that of obtained by the hydrolysis of >S2C]2' An adecjuale explana- 
tion of this anomaly rc^ardin.i; the variable stability, under similar physical condi- 
tions, of one and the same crystalline jdiase of a substance, derived from diflerenl 


It hns Intel} hevn found tlial the riiiy rorresp'Uidini^ to the .spaein;^' .Vi^|A in tlie jiatlern 
of vS^ resolves into two rin^^s on further resolution, wliieh rot res])oiid to the '-pneines 'pjnS 
and in Part I the spacing 3-i/lA was rei)orte(l to he dial ff th(‘ (.Uoj i>lane ; 

the identification was, therefore, not eorreet in that ease. 
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(Sl)arh}L^s of ii] 'V I’J 


Kill 

I'mm ('liilUal 

Pinin Mibliiiialt'. 

lii.sohil)l(? part cd 


1 


ol S ^ lu atedat 

-I'.S'' 

1 


: j-'iu 



‘i 

: .pojj 


.CaS i 

.V5.'’ 

:e5S 



P' 

I 3 '"6 

.171 


2aiS 

i j’hc) 

2- in 


''1(1 

! i-ii 


s^JiirccSj not rc^adily po^^iblc. JMirllicr iiu l-sI lyalimis arc in i-royic^.s to clucidalc 
tlic ixiiiit. lUil WL may that junhal^lv llic mei'lianical disLiii l)aiKX‘ made cm 

the snhslaiice dmiiyi; the liioccss of separatin'?, the sohil?Je and tile insolulde l)all^, 
whieli consisted in i)uvvdcrini4 the frozen solid in a mortar and in treating, 
repeatedly with CS-;, tells ii])on the stafhhty oi the crystalline c^'^-idiase which 
is actmdly an unstable c'onfrenratioii at the ordinary temperatures. There are 
other instances of this tyi)e of enhanced strnctnial 1 1 ansformation of unstable 
crystalline phases l)y the influence of iiK^chanical dir.tuibances. 

This I'oint will be discussed in a futuie commimieat ion witli reference to later 
observations on the Stal)ili1y of S„) and vSome otlui leMiJts oljlaiiRd in this 
laiboratoi y . 


'rAiij-: \T 

(Insoluble i)art of frozen lupiid snli»lnn eN:])OM.d aflei hours 
sint'e its prenaiatinii ) 


(il the liijiiiil 
Milplnir. 


Pi’i n )»1 ()l Ik alma 


l\ atlirr ol ila' paUc i li. 


i 6 pc 

lO liOllTh. 


i«) boiio- 

joi 

Tf» lionr^ 


Ji» In mi a 

K)S"C 

lo liMlira 


lo hour a 

3 :!S‘'C 

io lioiirs 


JO hours 

3 i)i‘C 

lo lumi s 

m.rc' 

!»• lioiirs 


lo lioiirs 


niiKs willi Tiih iiM' si)()t!-. ( 11 the nires 
Jlileii.^v nS niiL’s aiiil ()1K‘ S riiii? 

Cl ' ' w ‘ 

AIi\lnn ra S aiul S palUrns. 

cr u.> ' 

Abxlinr 1)1 S and S naUerns. 

a 

]ialterii ami OIK riny 
rare i^atU ni. 

Pure iiattorn. 

Pure palUaii. 

Pim palU'iii. 

Pure vS^ l>atU‘iii. 

riiiys witli inleiise sijot.s. 
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Powder diagrams. 


Fig. 5 S heated for 5 hours at O? '5C I S & S„ i 

U’ t*' 

Fig. 6 ” ” ” 15 ( pure S. ] 

Fig. 7 ” ’’ ” 20 ” ( S., rings & dots 

Fig. 8 Insoluble purr ol a specimen ot heated for 24 

hours at 79^ C ( c. t. table II ) 
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AKOTIIKR MliTTTOU 


Dl' S INTO R -TTn<; 

u) a 


() 1'^ S T IT T) Y I M (; T II ll c O N V K R S M) N 
M \\ T H () l) i) So 1, IT j; T !, 1 T V T N 


It wasiXTortccl p ^ that s,, is iii.solublLMn the common solvent lor 

sulpliui, CvS2, But wlien traiislonns into at ulLvatcd tciniicratiiics^ 
oblaiiied goes coin]jlctcly into soliilion in L\So. fat't i in nislics iis 

with anotlicr method for the detection of the eonvm.Mon ol intoS,- Tlie 
X-Ivtiy dill 1 action method lias one diawhack in tins inaltei , hecausc*, unless a 
considerable portion, say, ahoiit jo% ot .is conveited into S,, .tliesharp rings 
oi Sq do not easily appeal in the diliraction pliolographs, In Ihe cliai Is ])i\‘Sente(l 
in Tables II and Jll, the thiid and .|th eohniin resj^eetively give the ])er- 
centages of the soluble yS,, present in the heated siTeciniLns of It is to be 

noted in Table 11 that at heat-treatment for a pei iod of ei hours converts 

:ihmi-h% of into as is revea/c*d hy ihr soJnhiJIlv test, whereas ilic 
(htlraet/on photogra/>/i in Uml casesJnms only njj o/-j;aitern Similarly al yo^'C, 
iKnt-iivntmoni ior ii ])cn(!(l oi a| Jiunrs t'ou’.eits (isV.' of S,,^ into S,^ , /.c., tlie 
specimen still ronlahis a/ionl 5V,, of S,., , hut the diliraction j)h(»togrnph shows 
only a j)ine n-])atteJ n. 


7V/r iiLiiiitc oj lln nisolublo pin! IntSt ni in it honictl sj>t ciincn (^1 

In order to see the real nature (»f the insolulde i)arl i)resent in a specimen 
ol S,,, which has partially con\'erted into y^,^ , Ave took the diffraction photograph 
of such a sample of sn]j)lnir derived from a quantity of which had been 
heated at 7g'’C for about :: i houis. As Ta1)le II sliows, al)oul 05% of the 
healed siiecimem is soluble in After thonmghly wasln’iig away the soluble 

part with L\S., a dilfraclioii [)ho1ograj»h was taken with the remaining insoluhle 
part. The i)hotograph exdiihited a jmre »»>-palleni The sj^aca'iigs of the rings 
are given in 'I'able V, ami the i>atlern is jiiodnced in I’ignrc N. 


Tims u o nitiy toncliuic (hid al hioln i iciu pi' niluics insoluble ronrcils inio 
soluble with a lair inercLisini^ h'illi lln' lenipcnilutc. 

d'he matter is somewhat different when the conversion of oeenrs at tem- 
])cralures near al)ont the room temperature, /\c., in the vicinity oi ^^o"C\ Here Ave 
find that the specimen retains its insolubility even after the complete conversion 
into Sa* 111 this case, therefore, the coiiAXision of into S,,, cannot be detected 
by the solubility test. 

.s. T TT K T N t' b U n: N 0 J*: OJ' NJliOTI ON T 11 u; (' O N V .T R T f ) N 

Ok’ INTO S^. 

^riie fact that Nil/ HI may convert insoluble into sulnlde , insjured 
us to see if insoluble miglit be converted into soluble S<.,^ by the same process. 
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Wc liave seen in llie j)ievi()iis sei'tioii iliat 1 )V llic process of heating', at a suflicicntly 
bi‘Ji tenipcnilurc, ii quantity (jf may be converted into a mass of soliilde 
siilt>liur whic'li, liowevcr, no longer possesses tbe ori^'j'nal oKstniclure. The 
restoration f»f solubility and the slructuial ^Iransfonnalion liard-indiand 
at teiiii)e‘i alures and aiipCLii to be the two effects of one common 

cause. 

A (luantity of was powdered and the ])owder was moistened with and 
immers(d in liciuor aniinoiiia in a stoi^jiered liottle. Aftei 3 or hours the ]Knvder 
was dried and its s<jlubililv was tested willi CS-. It was found tliat the pow’der 
went into solution, 'hlje diflraedioji jiattirn of a Sl)ecimcn of tliis ])ov\ der (without 
any treatment with indicated that tlie substance had completely converted 
ijito v^,,* 'The observation was (juite astonisliin.^, because here we liiid tlie influ- 
ence ol a chemical 011 a stiuctural Iransfoi mation. The autlua s do not know of 
any otlier exanijile of this type. 'I'lie failure of this method has reiideied alnuySt 
impossible, to i)iv]Kirc a specimen ol s(;lii])le . V 7 /u.s , n'licncTo il orcurSy 
is lil'h'ny.^ itn insc^lubic }}U)(liftcalii>}i of sull^Lin. 

The action of heal at suflicieiitlv hie.h temperatures has l)een desciibed in 
vSectioii.]. ddieie a]s(), one and the same ])rocess biings about the structural 
transformation siniultancoiisU with the solulnhtv of the substance. This fact, 
tlieielore, natuiallv su.^:J,c‘sts that the structural transformation and the solubility 
are but two effec ts of one common c'avise • 

'I'hc insolul)ility of the various forms of suljihur includiiye has already 

been suyyestecl (Tail 1 ) to be due to the jireseiice of a layer of vS( ly on the surface 
of tlie small ciystallites ol the insoluble >airieties of sul]duir. This conclmsion was 
di\TOai as a ^^enerali.sation of the facd that S< >2 is ahvays involved in the jnocess of 
[irejiaratiun and c’omes in contact with the element whenever an insoluble v^ariety 
of suljdiur (v^,, or S^,, ) is prepared. 'I'he jdiysical inllueuce of lieat and tbe chemical 
influence of Nil ,( )H in restoriipe sohilnlity to insolu))le also furnished a further 
evidence in favour (4‘ tliis idea. The action of Nil d )I1 on vS,„ was not studied at 
that moment. Hut the result of the expcrinient made later on and described above 
shows that Nil/)!! is alik* to remove the insolubility ahso of but at 

the same time its i>eculiai structure is lost with the ai)i)earance of the 
u-Structure. 

We have obtained another evideiux* for the existence of S( )2 ill flic insolu- 
ble varieties of sulphur irrespectiv^e of their structures. It is known that the 
decolorisatiun of a solution of ])o4issium permanganate is a very delicate test for 
SOo which reduces the permanganate. The test, in our case, was made in the 
following simple way ; a sufricieutlv dilute solution of KMiiO.i was taken in a 
tc*st tube Iiall fllled wdtli tlic solution and closed with a piece ol cork. A quantity 
of hardened plastic sulphur, prepared a few’ days back and almost completely 
insoluble in was placed inside the test tube. 
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The peraum<;annte solution was theiMvarnK-d. 'I'lio coloui of tlio solution Kiadu- 
ally faded away and ultimately the solution iK-caiiie colouikss. ,SimiJai c x])Lt imenis 
w’ertM)erfonncd uith S,, aii(i rcriystallisul S,, . In the ease of S,„ the solution 
lost its colour exactly as in the case of hardeneil plastic suli.hiir. Hut uciystallised 
found to he (juite unahlc to hiine, ahout tlie al)()\'e colour change. ^I'he 
decolorisalioji in these cases is supjiosed to he due to the SO. molecules set free hy 
heat from the surface of the crystallites. One i-oint should he mentioned here 
that if the solutions are heated stroiii-ly so that the liquid hoils. decolorisation 
may he caused also hy reciy.stalli.sed S„ . In that case sulphur conihining 
with o.xyneu dissolved in the water or ni veil out h> KM, it), mj\ pi-oduce S(K 
which may then cause the decolorisatimi. So .sjiecial care was taken in warming 
the solntioii. 

All these olwervations strongly suppoi-t the S( ),-hy|.othesis in e.vplaining the 
insoluhility of all the insoluhle types of sulphur. We have, again, no i-ea.son to 
siqiiiose a different cause for the iiisoliihiity of S,„ . Hut as in the case of S,„ the 
chai-acteri.slic structui-e is akso associated with its insoluhility, we should assume that 
SO., wdiich is res|)onsihle foi the insoluhility, is also responsihle fo, its peculiar 
.structure. The exact mechanism hy which a layer of SO. on the 
surface may inllucnce the structure inside the ciyslallites is yet 
unknown. 

But this far we can say that though the mere prescin c of ,S( guarantees the 
insoluhility of sulphur ohlained hy any jinHcss, it never giiaianlees an oi-structure. 
Its presence is iiecessaiy, hut not sufficient for the foinialioii of .S,„ , This 
explains the simultaneity of the stiuctural Iranslonm.tii ii of .S 
apjieaiance oj solubility. J he piesence ol SO. is the cjinmon cause, with which 
the insoluhility of sulphur is invariahly as.sociated and which, iirdei certain 
circumstances yet unknown, leads also to the formation of the iieculiar structure 
of S,„ . 

In Hus connection attention must he diawn also to the following 
fads ; — 

(a) 'I'he conversion of S^, into insoluble ,S„^ at lower teni]/eiatures, shows that 
the structuie of .S,,, is uiistablc even in llic jucsenre o) SO... Thus the presence of 
SO. again is no guarantee for the stahilily of . 

(b) The insolubility of S^, cannot he due to the peculiar .structure 
possessed by it. For, in that case, S,„ could not com'crt into in.soluhlc .S' 
at tlie ordinary temperatures. Because the nnsoliihility of S,^ requires St 

(c) The .structure of vSj„ cannot he due to vSt ). being placed inside the lattice. 
I''or,inthat case, the crystallites of S„ , fonned as a result of the transformation of 
Su, , would have been so imperfect that shat], diffraction rings, as were actually 
obtaiued, would have been quite impossible. The expulsion r,f SO, molecules 
from inside the lattice wtaild produce some vacant [loints in it and would severely 
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(lislnrl) 1 ]k‘ structure, as a result the structuie ^voul(l become Inyhly luislable, and 
('(msefjuelitly would have comijlctely been shattered. And as tlie molecules are 
Hot sutficieJitlv mc)bile, specially at tlie loom temperature, rebuildiipu of a rei;u]ar 
structuie, , is not so ([iiickly j)o.ssible. With this idea, of course, \^'e may 

explain the otliei' peculiarities of S,,, and for this reason it was su^;ftested 
jiieviously in a note. ‘ Ibit it becomes difticult to understand the action of 
Nil p )I 1 in removing the SHo mokcuks from insiile the lattice. It is not possible 
for NIIj()]J to penetrate into tin. lattice of and remove, by way of chemical 
combination, the molecules of St>M. 

Iknthei investigations are in jn'oeie.ss to dettriniiie tin* structuie and real 
nature of and will shortly l)e [iiiblished. 

(k n \ c K s (I b V Ti r u a n d s u p imi r r p u t- c' i p i r \ r n d 

I'lvMiM A SnLC'J'fON Ol' SODlt !\I 'f IM n S P b I‘ II A T !•: 

Melloi ' has mentioned that sev'eial authors not iceil a blatb \mi lety of sulphur 
which has also been cidled metallic sul]diur. 'I'be present authors have also 
observed that if a cpiantity of snl]»hur (IHower of v's, recryslallised or precipitated 
siil])huv) is bulled in a basin oi a test lube, always black lesidiic is left inside 
the vessel. We have obtained this residue even from sii]j)hur repeatedly 
crystallised from a solution in \\k‘ olAaincd a very y.ood ]K)\\der 

diagram w itli Ih is Idack substance wliieh was snspei'ted to be amjthcr variety of 
snli)hur. Ihit a idiemical analysis kindly made by Jhof. T. R. Ra^ lias revealed 

that it t'uiilains a mixture ol siilj>lnij' witJi silica and siil])hides of iron and nic'kek 

We have, tliereiore, .uiven up further studies on this substance. 

It is well known that wlicn a solution of sodium lhi(.)suli)hate (ordinary 
liyj o ’ salt) is aeidiilaled, the salt decomjioses and snl])hnr i.s set free, a ])art of 
which is ])recij»itated as a gummy solid and a f)art remains in tlie c'olluidal suspen- 
sion. 'The guimii)' dei)osit inoduees a pure i>attein, indicating that the 
substaaee contains small crystallites, just like the gunmiy dejiosits of colloidal 
siilphui prei)arcd !)>' the action ol (Ui .sulphurous acid. No peculiarity has 

heeii noticed with this substance. 

7. r 1 1 p: s 'r u 1 > v < > v s r r 1 1 c r v u u o v s 1 1 b i ^ h u r ‘ a r t t c b K s 

I N c; ( ) b b (M I) A b s 11 s V p: n e j c > n in w a t p: r 

Uiy Diop Method) 

It lias IkcU repoited [)ixw'iously ^ that the spontaneous solid deposits of 
colloidal sulpluu , i(a nied as a result of a \ery slow’ pi'oeess of sedimentation, as 
w^ell as the electiolytic de[>osit obtained on addition of a requisite quantity of 
NblpiII of proiur concentiation to the colloidal solution, are crystalline and 
their structures are exactly .similar to that of ortliorhonibic sulphur or . 
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In order to arrive at a definite conclusion a 1 x)iitthe real nature of the colloidal 
sulphur particles in the state of suspension, several attempts were made also to 
study the solution by X-ray diffraction method, but they were all imsucessful. 

Recently*^ we have been able to come to a very definite conclusion as regards 
the nature of colloidal sulphur particles vSuspended in water A totally new 
method of studying less volatile liquids by the X-ray diffraction method has been 
developed, which involves in exposing the liquid in small drops to the incident 
radiation. With the arrangements made, it was possible to control the si/.e of 
the drops, which in our experiments was of the order of a m.m. We found that 
in the case of a colloidal solution of sulphur, a drop of the abovementioned size 
remained, on an average, undisturbed and practically unchanged for more than 
half an hour, inspite of the mechanical disturbances due to the constant forking 
of the puini)s and other sources. 

It is also worth mentioning here that no change in the quality of the solution 
was noticed and we have also not been able to observe any trace of coagulation 
of sulpliur particles and the consequent quick deposition of sediments in the 
colloidal solution under the influence of X-rays. To test this point a set of 
preliminary exi)criments was necessary. For, if the deposition of sulphur takes 
place in this condition, any crystalline i)attcrn obtained may be due to tlie deposits 
and no definite conclusion regarding the nature of the susi)ended sulphur particles 
may be arrived at. 

A (luantity of the solution was enclosed in a thin-walled glass tube of about 
1*5 m.m. bore. The tube was sealed at both ends and exposed to the X-rays 
(5 111. -amp. at 35 KV) for about 10 hours. No sign of sedimentation or any other 
change could be detected. 

The photographs obtained with colloidal sulphur drops exhibited a crystalline 
pattern but the background was very diffuse owing to the scattering of X-rays 
by the water molecules in the solution. Measurements of the sharp rings and 
the visual estimation of the relative intensities definitely show that the colloidal 
particles in the state of suspension are also crystalline like ordinary ■ This 
variety > as reported previously, ^ is insoluble in CS«j. 

The authors desire to take this opportunity for cxiiressiiig their respectful 
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THE FRINGE OF THE ATMOSPHERE AND THE ULTRA- 
VIOLET LIGHT THEORY OF AURORA AND MAGNETIC 

DISTURBANCES* 
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ABSTRACT. An atniospliere in isothermal equilibrium has no natural limit , an atmos- 
phere in adiabatic equilibrium has, however, one. Beyond this “inner” adiabatic atmosphere 
lies the outer atmosphere formed by molecules ” evaporated ” from the outer surface of the 
“ inner ” atmosphere. Tlic fringe rej^ion lies at the farther limits of this outer atmosphere, 
where the molecules moving without any collision descritje orbits of enormous dimensions. 

Taking aUunic oxygen and molecular nitrogen as the upper atmosphere constituents the 
height of the critical level or level of negligible collision is calculated by tlje authors and is found 
to be 770 km. Above 930 km. there is practically no collision behN cen tlu* atoms, 

Ionization of the atoms in the fringe region by solar ultra-violet radiation will diminish 
the rate of escape owing to their etilaiiglcment with the earth’s magnetic field. Critical velcj- 
cities of escape of oxj geii ions from different latitudes of the earth arc cah’ulated. 

The increase with hciglit of the viscous drag of the earth measured by kineinatical 
viscosity v/p is taken into account and it is shown that the atmosphere rotates with the earth so 
long as there is appreciable collision betw'een atoms. 

Molecular densities at different levels of the fringe r(‘gion are estimated. The merging 
of the fringe region into intcrslellnr space takes place between 2ocx) and 2500 km. above the 
earth’s surface. 

Kxistence of super-elastic collisions betw^cen an excited (metaslable) atom and a 
neutral particle extends the fringe region. Of the variems nietastable states of the I'onslitueiit 
particles only those of oxygen atoms are capable of producing any effec t by super-elastic 
collisions. It is found that roughly about 10^ ahnns in the state and 10® atoms in the 
Id state suffer collisions per second with other atoms. The atoms in the bS stale can shoot a 
neutral oxygen atom to a height of about 14,000 km. above earth’s centre wTiile an atom hi 
the W state can shoot it to a height of about 9,500 km. The den.sity distribution in the 
fringe region and the merging with the interstellar space (which takes place at about 2500 km. 
above the earth* surface) are found to be only slightly modified by the presence of these 
high speed particles. 

By considering the motion of ions in the earth’s magnetic and giavitational fields, taking 
into account the variations of g and H wdth altitude and also considering the rotation of the earth 
magnet it is found that an ion starting at the equator at 12 o’clock noon at 40,000 km. height 

, ** Communicated by the Indian Physical Society, 
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And dc‘»s('t'ndinj^ alon^ tlic magne t ir Jine of force with a velocity of i kin /see will enter the 
earth's atinospliere at local hcair. Hearing of the above results on the Ultra-violet light 
theory of Aunirae and magnetic stornis as suggested by IJulburt dhi^ essential feature of 
^^1lich is the divstillatifni of speedy ionized particles from lower to higher latitudes by the earth’s 
magnetic field) is discussed. 

If it is assumed that the high speed atoms are ionizetl nl a height of about 40,000 km. 
the time of descent as calculated alxive by the authors agrees with that calculated by Hulburt. 
Analysis shows, however, that by no kiir>wn nu ans partic les from lower levels can reach 
40,000 km level to which they must ri.se in order to reach the auroral latitude- Again according 
t(j Ilulhurt the particles driven upwards by super-clastic collisions will b(‘ ionized in three 
hours Recent calculations mi abjinic absorption ('oelhcicnl of f»xygen .shows, however, that 
the time reijuired should he several orders higher than that assumed by Hulburt. 


CON r Iv N T S 
Part J 

Fringe of tlie Atiiiosplierc and its Kxtension 

§i . Introduction. 

§:>. Atmosphere in Isolhennal and in Adiabatic lujuilibiiiim — Natural 
Fimit of the Aiinosplieie.. 

§3. Critical Level. 

§4. Fflc'd of Ionization on the Rate of Fseape of Molecules fiom^ the 
Karlh’s Almosjihere. 

§3. Rotation of the Kartli — Viscous Drag. 

§P. Fringe of the Alniospltere. 

Extension of the Fringe Region by super-elastic collisions. Possible 
sources of super-elastic collisions. Calculation of the number of 
melaslable oxygen atoms. Average molecular density in the 
fringe region. 


Part II 

The Ultra-violet light theory of Aurorae and Magnetic Stpniis 
Introduction. 

§2. Motion of Ions in Oravitational-Magnetic PMeld. 

§3. Effect of Variation of g and H on Ion Paths. 

§4. Rotation of the Earth-Magnet— Time of arrival of the ions in high 
latitudes. Average path of an ion. 

§5. The Ultra-violet Light theory of Aurorae and Magnetic Disturbances. 
§6. Summary and Conclusion. 
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h 1 S T or' S Y 11 DDLS 


a — Earth's radius. 


A (n, 0 — A constant, depending on the orbit in which the electron is captured. 


C— 


HE' 


c — ^Velocity of light (Part II, §2). 
c, c' — Velocities of two colliding gas molecules (Part I, §3). 

E — Energy rcciuired to ionize an atom (Part II, S5I; Intensity of the 
electric field generated by the rotation of the magnetic lines of force 
of the earth (Part II, §4). 

Er, E« — Components of the electric field E, 

c — Charge on an ion. 

g — Acceleration due to gravity at a distance r from the centre of the 
earth. 

gp — Acceleration due to gravity at the surface of the earth. 

H — Intensity of the earth’s luagnatic field at a distance from the centre of 
the earth. 

Hr, Ilfl — Components of U. 

Hp — Intensity of the earth’s magnetic field at the surface of the earth. 

h — Planck’s constant. 

I (v)„ — Intensity of .solar radiation of freijnency r outside the earth’s atmos- 
phere. 

k — Boltzmann’s constant. 

M — Magnetic moment of the earth. 

in — Molecular or atomic weight (Part I, §3), weight of an ion (Part II), 
m I , wg —Molecular or atomic weights. 

N — Total number of atoms in a column of i sq. cm. cross-section above 
the critical level. 

n — Molecular density. 

n, — Molecular density at the datum level. 

P — Pressure at any particular level. 

Po — Pressure at the datum level. 

q — Number of ions formed per sec. in a column of i sq. cm. cross-section 
above the critical level. 

— Number of positive ions in the column. 

— Number of electrons in the column. 



I'D- 


q'o— 


Kf ■ 


To “2. 
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q — ISTuiiiber of ions recombining per second in a column of i sq, cm, 
cross-section above the critical level. 

(/(w, /) — A constant, depending on the orbit of capture. 

K — Radius of curvature of the helical path of an ion. 
r — Radius vector (distance from the centre of the earth). 

To — Distance of the datum level from the centre of the earth. 

T— Temperature of the gases of the atmosphere (in absolute degrees). 

T, — 'I'emperatiire of the sun (in absolute degrees). 
t — Time (in seconds). 

Ufj — Cb'avitational magnetic drift velocity of an ion. 

V — Relative velocity of two colliding gas molecules (Part I, §3), 
Relative velocity of an ion { — v -Uf,) (Part I, §2). 

Hncrgy in volts (Part I, §6). 

V — Velocity of an atom or molecule (Part I, ?3). 

Velocity of an ion (Part IT , §§2, 3, 4). 

V * — Jvlectromagiietic drift velocity. 

Z — Effective atomic number of an ion. 

2— Height above the datum level, 
a — Recombination coefficient of ions and electrons. 

— Solid angle subtended by the sun at the earth. 

7 — Ratio of specific heat at constant ])reSvSure to the si)ecific licat at 
constant volume (Part I, va): a constant (Part I, 54). • 

7i — A constant. 

1 ] — Coefficient of viscosity of a gas. 

0 — Angular co-ordiuate (Part I, §3); Angle made by r with the axis of 
the earth (Part II, §4). 

6^0 — Co-latitude of the place where a particular magnetic line of force 
terminates on the earth's surface. 

Ao — Wavelength of radiation corresponding to frequency vq. 

V — Frequency of radiation. 

vq — Threshold frc(j[uency for dissociation or ionization of an atom. 

/M > P'2f — Densities of gases at a particular level of the atiiiosphcre. 

(pi)n. (P2)o — Densities of gases at the datum level. 

O' — ^Molecular diameter. 

r(v) — ^Absorption per alom of radiation of frequency v. 

To — lyimiting value of t(v) at v = vo. 

0— Angular co-ordinate (Part 1 , §3). Total angular shift of an ion path 
due to electroniJlgiietic drift. (Part II, §4). 

— Angular measure (in degrees from the poles) of the region of escape 
of ions from the earth's atmosphere. 

i/'(v) — Ionization probability. 

oj — Angular velocity in the helical motion of an ion- 
il — ^Angular velocity of rotation of the earth. 
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§1 introduction 

It is now conventional to divide the alnn)si)liere into three regions — the 
Lower, the Middle and the Upper Atmosphere. The lower atmosphere, wliich is 
the same as the Troposphere, extends from the ground level to a height of lo to 15 
km.; the middle atmosphere, from ij; to 100 km., includes the Stratosphere lying 
immediately above the Tropo.S])here and also the i )zonosphcre between 25 and 45 
km. The atmosphere from 100 km. above is called the Upper Atmosphere and is 
more or less ionized, besides these three regions, one should also consider the 
“ fringe ” region of the upper atmosphere which is su))posed to exist beyond 
the so-called limit of the upper atmo.spherc. Attention to this “ fringe ” region 
of the atmosphere was lirst drawn by Jolinstone Stoney. ' The fringe has 
recently awakened new interest owing to its being a pos.sible source of sjKedy 
charged iiarticles which may be the cause of magnetic storms, aurorae, etc.'^* The 
I)urposc of the present paper is to make a critical study of the origin and 
properties of the fringe region (Part I) and to examine how far the charged 
particles originating in it by the action of the ultra-violet rays of the sun may be 
a contributory cause of the above-named geophysical phenomena (Part II). 

P A R T I. F R 1 N ('t p: of T II K A ' 1 ' M ( ) .S P H F R K AND 

ITS KX TF N SI ON 

,§ 2 . A TM OS PH re RE IN ISOTHERMAL AND IN A D I A I! A T I C 
EQUILIBRIUM; NATURAL LIMIT O E '1' II E A T M O S I* II E R It 

Let US consider the idealised case of a gaseous atmosphere above a non- 
lotatiug earth undisturbed by solar rays. Such an atmo.sphere, if left to itself, 
would, after a sufficient time, attain a slate of isothermal equilibrium. Under 
equilibrium condition, the constituent gases at difterent heights would be 
distributed according to the law 


Pl = (p\)oc 


where 


— (^2)0 



etc. etc. 


(i) 


Pi, Pa, etc. are the densities of the different gases at a height z above the 
earth’s surface; 
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(n)o the densities of the different gases at the surface of the ear; ;: ; 

, in,, etc. are the molecular weights of the constituent gases ; 

'1' is the constant absolute temperature of the atmosphere. 

It is easily seen from eqn. (r) that the density of the atmosphere diminish s 
exiwuentially So that p attains zero value only at infinity. Such an atmosphesv. 
as long as it obeys gas kinetic laws, will not have any natural limit. 

.Secondly, \ve may consider the idealised case of the opposite extreme i;, 
which the whole mass of the atmosphere is subject to turbulence ^caused hy 
heating, etc.) and i)0.sscsses convective motions throughout its entire heigir,. 
Under such circnni,stance.s the atnio.sphere may be said to be in adiabatil 
equilibrium as opposed to isothermal equilil>rium. The adiabatic equilibrium el, 
brought about by (be movement of masses of air froiii lower to higher level and , 

vice vi'iMi, without any loss or gain of beat. 

f-'ron. Ihegenen.leq.iatioii of equilibrium of the almo.sphere 


a/>=_ 

dr 


IIP 


i r-1 

wegei hP^ * g' 

1)y apiWying the acliabnlic law p — 
Intc.i'rah'iiK we ^el 




(Po^ ^ 

y-T 



where Po is the density of the at the surface of the earth ; 

y is the ratio of the specific heat at constant pressure to the specific 
heat at constant volume. 


Thus equation (2) expresses the law according to whicli density and temperature 
fall off with height. In contrast with equation (1) we find that p becomes zero 
at a finite value of c given by 


gpAy- 


(i) 


We thus see that in the case of an atmosphere in adiabatic equilibrium we can 
conceive of a natural limit. If, for instance, wc assume that the entire terrestrial 
atmosphere is in adiabatic equilibrium, its natural limit can easily be calculated 
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ajid is found to lie at a height of about 29 kin./ above the shrfac9 of the earth 
-001205 gm/cm’, y=i-4> =760 ww.). 

Further considerations show that the surface at the outer limit of the 
atmosphere— though a natural upper boundary of the atmosphere in the lower 
region in adiabatic equilibrium will not be a sui'face separating a region of 
perfect vacuum above and a region containing gas molecules below. Molecules 
from the adiabatic atmosphere below will be constantly evaporating, as it were, 
due to theiinal agitation, across the surface of separation to the vacuous space 
above in much the same way as liquid molecules escape from the body of a 
ii(tuid to the space above its surface. Thus the region above the natural limit 
will contain molecules and this region may be called the ** outer atmosphere.” 
If we assume that there is appreciable, though small, collisions between the 
molecules, then these will be distributed according to equation (4) provided 
the temperature is taken to be constant. 


Pi = 0'i)or 



-»M. J ^ 

r2-(p2)o^ + - 

etc. etc. 

The outlying region of this outer atmosphere/' in which collisions are few 
and far between, may be called the spray tn* fringe of the atmosphere. The 
level at which the transition from the outer atmosphere to the spray region 
occurs will, of course, depend on the temperature, pressure and other factors of 
the '' outer atmosphere.'' 

In this fringe regioji of the atmosphere^ molecules will move freely with the 
velocity acquired at the last collision in the lower region and subject only to 
the pull of gravity will describe parabolic, elliptic or hyperbolic patlis according 
to the magnitude and direction of their velocities. Molecules with hyperbolic 
orbits will, of course, escape from the earth and the velocity necessary for such 
escape will be given by 




1 


1^ = velocity of the molecule ; 

g “ acceleration due to gravity at the level from which the 
molecule escapes ; 
a = the earth’s radius ; 

r = distance of the level of escape from the centre, of the earth. 


If the idealised conditions described above were applicable to the earth, 
then we \vould have the following picture of the atmosphere : The constitueiit 

6 
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gases are thoroughly iliixed and the atmosphere is in adiabatic equilibrium up to 
a height of about 29 km. which is the natural limit of the attnosphere with 
lapse rate of about 10'' per km. This region in which the temperature falls 
linearly with height is the ‘'inner atmosphere/' Beyond this is the “outer 
atmosphere’' formed of molecules evaporated from the inner atmosphere. The 
outer atmosphere is in isothermal equilibrium and its outlying regions form the 
spray of the atmosphere where there is practically no collision and the molecules 
describe parabolic, elliptic or hyperbolic paths round the earth. As mentioned 
in the Introduction, it is this last named region of the atmosphere which will 
form the subject tnatter of our study in the following sections 

CRITICAL LKVKL 

The picture of the ideal adiabatic atmosphere given above is unfortunately 
widely different from the actual condition of the atmosphere. The lapse rate 
for instance is only about 5”C/kin. instead of about io°C/kni. Again if the loss 
and gain of heat by radiation and absorption by each element of the at?nosphere 
for a permanent atmospheric arrangement be considered, it can be shown that on 
the assumption of a uniform constitution of the atmosphere, the adiabatic state 
could not extend to a licight greater than given by where po is the 

surface pressure. If the atmosphere be not uniform the height of the adiabatic layer 
increases and for the actual constitution of the atmosphere (containing Varying 
amount of water vapour at different heights), it has been shown by Gold ^ that 
the height of the adiabatic layer should lie between p = i and = (Le., 

between 2: = 5^ km. and s = km.). Above this adiabatic layer we have the outer 

atmosphere and here also recent observations show that the condition is far 
from isothermal, due princiiially to the photo-chemical and photo-ionizing 
action of the solar rays. The outer atmosphere, the base of which is approxi- 
mately isothermal and is to be identified with the stratosphere, thus extends 
to great heights, and it is near the outside (boundary) of this region that we 
shall look for the fringe region of the outer atmosphere. The collisional 
frequency in this region is negligible and the molecules have either a chance 
to escape or to describe closed paths round the earth or to fall back to the earth 
after describing parabolic orbits and reaching enormous heights from the earth's 
surface. 

The first attempt to calculate the height at which collisions begin to have 
negligible effect was made by.Milne and was later followed up by J. K. Jones.“ 
It has been shown by the latter that the failure of previous workers to estimate 
the height of the “ceiling of the atmosphere " or the level above which there 
is very little chance of a collision is due to their assumption of uniform molecular 
density along the free path of a molecule. At high altitudes of the atmosphere 
the free path of a molecule is appreciably large and the molecular density also 
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cliicreases rapidly upwards. Along the free path of a molecule, therefore, the 
molecular density is liable to change appreciably. Thus account should be 
taken of the fact that the probability of collision of a molecule is a function not 
only of its velocity but also of its origin and direction of motion, since the 
molecular density will vary in diCerent manners in ditTerent directions. 

Milne and Jones start with the welhkiiown exi)rcssiou of Tait for the 
probability of collision of a molecule of given velocity c — • 


c "''^'1' c'W’.dc. nine dO. d<l>. 

\vhere ?^ = molecular density ; 

= molecular diameter ; 
m = molecular weight ; 
c, c' — velocities of the colliding molecules ; 

V = relative velocity between the colliding molecules and is given 
by = 6"'^ + — 2 CC cos 0 ; 

0, 0 = angular co-ordinates of the direction of motioin 



The expression can be put in the form : — 


0{c) = 


s! 




where is a function of the form — ,vc \ ^ ^5) 

•/ V 

111 order to evaluate the above eiiuation, we require a knowledge of the 
various constants v, c, etc. ii in [larticular varies with height and the usual 
expression for its variation is given' in eqn. (i). When \vc are considering the 
conditions at great heights we have got to take into account the change in the 
pull of gravity as well as the attraction of the mass of air which varies with 
height, as one goes outwards. Taking these factors into consideration Milne 
shows that a more correct expression for n at great heights in the outer atmos- 
phere, assuming a constant temperature, is given by 


n = Mo 




( 6 ) 


where tic == molecular density at a level at a distance »» fioin the earth , 

n-=moleculardensity at the level at a distance r where collision is being 

considered ; 
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f ^ nig _ 

feT' r,-2-.2.-2. 

The estimate of the height of the critical level ” is now made by the help 
of eejuations (5) and (6) and introducing the idea of the “ coiic of escape.*' Let 
us sui)pobe that an observer ascends gradually upwards from a level where mole- 
cular density is small but appreciable. If the molecules were opacpie, then the 
hemispherical sky above the observer would appear to him absolutely opaque, a 
line drawn from the observer towards any direction would pass through many 
molecules, one Ijehind the other. If the observer continues his ascent, he will 
reach a level where the molecules overhead will gradually thin away and will 
ultimately just fill the sky, i,e., a line drawn upwards will pass through only one 
molecule whereas a line drawn in any other direction will still pass through 
more than one molecule. Mounting still higher, he will find his sky overhead 
gradually clearing up and he will * ‘ see ” a cone with its axis vertical within 
which his sky will be clear. It is obvious that this cone will open out with 
height and the observer will finally have his whole sky clear. This cone, the 
axis of which is vertical and the angle of which increases with height, is the 
'* cone of escape " of the molecules. A molecule moving within the solid angle 
of this cone will have some chance of CvScaping without a collision. 0 , the semi- 
vertical angle of the cone of escape, is shown by Jones to be related to r and c 
by the equation 



The lowest estimate of the level above which a molecule may escape without 
a trollision is easily obtained from cqn. (7) by imtting 0 =o and c- oc. 

Thus 


f 1 ? 








... ( 8 ) 


Jones and Milne used eqn. (8) to calculate the levels of escape of hydrogen 
and helium, which at the time they wrote the iiapeis v\ere believed to be the con- 
stituents of the upper atmosp* 1 iere. Assuming the temperature of the outer 
atmosphere to be 2jy°K they obtained the values of the levels of escape of the 
above two gases to be 1521 km. and 630 km. respectively (heights measured from 
above the stratosphere, 20 km. from the surface of the earth). We now know that 
the assumptions of Milne and Jones regarding the constituents as well as the 
temperature of the upiJer atmosphere are wrong. According to modern concep- 
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lions, tlic atmosphere above lOo km. consists of molecular nitrogen and atomic 
oxygen and is at a high temperature,^ Further, explorations by radio waves as 
well as observations on the meteorological phenomena afford us means of estimat- 
ing the molecular density at lOo kni level. We can, therefore, calculate the 
minimum heights of the levels of escape of the above two gases by taking loo km, 
level as the datum level and also aSvSuniing the most probable temperature. 

Taking ^ (no)c) =6*963 x 2‘543 ^ = 2*63 x 10“*^ 

cm., = X 10^^ cm., T=iooo‘'K, we lind the level of escape of Ng and 
of 0 to be 410 km. and 671 km. respectively (heights mea.sured from above 100 
km. level). These values, as mentioned before, give a lower estimate of the 
height of the level of escape. To estimate the upper limit of this level, from above 
which molecules may emerge to form the spiay, we make 0 approach 90°. 
Putting ^ = 83"^ the levels for N2 and C) are found to be 485 km. and 831 km. 
(above the I ou km. level). It is to be noted that all the molecules above this 
level which avoid collisions will not escape from the atmosphere. Only those 

molecules which move with velocities greater than ^ will get rid of the 

r 

earth's attraction. This critical velocity for escape of a molecule from the top 
of the earth’s atmosphere is calculated to be about ii km. /sec. (r = 7378 km., 
a = 6378 km., ^*732 cm. /sec. ^ at xooo km. level). The distribution of the 
constituent gases and molecular density at different altitudes of the atmosphere 
are shown in Figure i. 

§4. KPPECT OF IONIZATION ON THK RATK OF ESCAPE 
( ) V M O E E C U ly n S F R O M T II IC EARTH’S A T M O S P II E R E 

In the previous section we have seen that a neutral particle requires a velo- 
city of about I j km. /sec. to overcome the imll of gravity and esca])c from the 
earth’s atmosphere. We have not considered, however, the possibility of the 
atoms and molecules in the fringe region being ionized by the ultra violet 
radiation of the sun. The motion and distribution of the particles, if ionized, 
will be profoundly influenced by the earth’s magnetic field. The critical 
velocity for escape of these ionized particles and its variation with latitude 
may be estimated after the elaborate calculations of Stormer on the trajectories 
of charged particles coming from infinity towards a magnetic dipole. His 
calculations show that there is a space Qy characterized by a certain value of y, 
an integration constant, within which the charged particles cannot enter. For 
y< —I, no charged corpuscle can reach the magnetic dipole. For y lying 
tetween — I and o, charged particles from infinity may reach the magnetic 
dipole. There is, however, a toroidal space round the dipole where they cannot 
enter. The meridional curve of this space is given by— 

v^Yi ’^ + sin^X-Vi 

sin X 


(9) 
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where Vi ®= ; 

X~the angle which the radius vector j makes with the magnetic axis 




» = the radius vector measured in units of length C= v , M being 
the magnetic moment of the dipole ; 

111 

and HR- — i', where v is the velocity of the charged particle. 

c 

The maximum angular distance xi of the zone within which the charged 
jiarticles may enter the earth s atmosphere (the earth is regarded as a small 
sphere of radius a placed round the maguetic dipole) is obtained by finding the 
intersection of the toroidal surface with a sphere of radius a. ^'his is shown in 
Figure 2. It can be shown from eqn. (9) that xi is given by 

a is nieasured . / M T or since the maximum 

sin Xi “ . ill unit of leiitrtli C= vnlnp nf v, t 


sin Xi — v/ayifl , | in unit of length C 


value of Vi is I, 


a/ r 

vSiii X I = V Q , j a mcaf 


measured in cms. 
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I'hc case of charged i)articles esicapiiig from the earth’s atmospheie being 
exactly complementary to that of »Stdrmer’s, we can Calculate the value of Xi 
giving the zone from which a charged particle having a given velocity v can 
escape from the earth ’s atmosphere to infinity. Table I is prepared following 
the above method, and shows that the velocity required by an ion of atomic oxy- 
gen to di.sentaugle itself from the earth's magnetic field is much greater than that 
reipiiied for a neutral atom. Whereas the required velocity for a neutral particle 
is independent of the latitude, that for a charged particle is not so. The critical 
\'eloeity increases with decreasing latitude. 

Tabu-; I 


Co-lfitilndc X] 

(in dc^rcfs) 

im--- . If. 
c 


Vclority of escape 
(eni./scc.). 

5 ‘'’5 

3-344 

1-585 X I()ll 

2 X iqC 


1 *672 X To* 

7-087 X lo’O 

TO^ 

14 '■•tS 

1*672 X 

2*242 X tqIO 

10® 

27 "‘i? 

1*672 X 106 

7*087 X 10^ 

10® 

M '-35 

1*672 X io 7 

2*242 X 10® 


90" 

4 'jS X xo 7 

1*418 X 10^ 

# 

2*5 X 


In calculating the rate of escape of molecules, particularly of light gases like 
hydrogen or helium, no account has hitherto been taken of the possibility of ion- 
ization of the atoms in the fringe region and their subsequent entanglement in the 
magnetic field. If this is taken into consideration, the rate of escape will be 
greatly diminished. The rate will also be difTerent for different latitudes. To 
make an estimate of the actual rate of escape taking this process of ionization into 
account we rciiuire a precise knowledge of the “ ionization probability ” of the 
gaseous constituents of the atmosphere, the possible sources of particles possess- 
ing the requisite speed and their distribution at different levels. I^ack of necessary 
data prevents us from attempting such (juanlitative calculation. 

§.S R O r A r ION O !•' T n n n art ii— v iscous drag 

An interesting point that is*to be considered is the i)o.ssibility of different 
layers of the atmosphere at different heights moving with different angular veloci- 
ties on account of insufficient viscous drag. The expression for the coefficient of 
viscosity of a gas being t; =’5 NmcA, it would appear that the viscosity is inde- 
pendent of pressure. The above expression w’ill, of course, hold as long as the gas 
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obeys gas kinetic laws,"^ i.e., as long as collisional frcciuency is appreciable. 
It may be noted here that in experimental investigations on the viscosity of 
a gas at low pressure, with laboratory apparatus, the coeflicient of viscosity 
falls to a low value at low pressure. It may be shown, however,' that this 
is due to the size of the vessel becoming comparable with the mean free 
path of the gas molecules. As long as the size of the apparatus is large 
compared with the mean free path (as is the case for the atmosphere covering 
the earth), the coellicient of viscosity should remain independent of pressure. 
The effective drag of one layer of the gas upon the othei- depends not on 
the coeflicient of viscosity alone but on the so-called coefficient of kincmatical 

viscosity ' ' ’ ‘ - which is defined as . It would then api)ear that the drag of 

one layer upon another is actually greater in the high atmosphere than in the 
lower atmosphere. We give a curve (b'igure 3) showing the rclalion between 
the change of kincmatical viscosity with height from 100 km. level for the 
atmospheric distribution assumed above. 



Fiouke 3 

We are, therefore, justified in assuming that up to the limit of the outer atmos- 
phere within which collisions arc appreciable the air molecules paiticipate in tliQ 
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rotation of the earth. A molecule leaving the lower region from the level of 

Escape and moving in the fringe region with the velocity acquired at the last 

collisicni, will, therefore, have a component of velocity in the direction of rotation 
of the earth. As a consequunce of this the trajectory of such a molecule will 
ex*i)ericiice a curvature opposite to the direction of rotation of the earth, ue,, the 
longitude at which the molecule will return to the atmosphere from the fringe 
region will be diflcrent from that at which it left the level of escape, 

F R 1 N t; 1C R ic G ION O F T M F A T M O vS P H B R n 

W'c have already referred in §2 to the fringe or the spray region of the ; 
atmosphere wliere molecules move freely with the velocity acquired at the last 
collision in the lower region. Ueing subject only to the pull of gravity they \ 
describe i)aral)olic, elliptic or hy[)erl)olic paths according to the magnitude and ' 
direction of their veloc'ity. It is evident from what has been said in ^3 
the spray region begins from alnwe the critical level. It is possible to calculate 
the average number of particles i>er c.c. between any two heights in the spray 
region frotii a knowledge of the density and the temperature round tJie level of 
escape. We i)rocced to carry out the calculation on the avSSumi)tion that the 
level of escape begins from about .Sou km., and that the molecular density and 
temperature here arc 3 -() x jo''7c.c. and The atmosidieric constituent, 

here, is i)ractically wholly utoniic oxygen. 


a'ABUC II 
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Assuming a Maxwellian distribution in tlie region of the level of escai)e and 
also taking the variation of ‘ g ’ with height into account Table II is prepared, 
giving the average molecular density at different levels of the region. The 
source of particles in the fringe region is assumed to be the molecules between 
Suo-jooo km. level. The second column gives the range of velocity required to 
send the molecules flying within the region cancerned ; is the initial velocity 
refiuired to send the particle above the lower level of the zone and ru above the 
u])per level. The third column gives the number of particles per square cm. 
crossing the looo km. level, n-^ corresponding to those that reach the upper level 
and »i, to the lower. The last column gives the average molecular density at 
different altitudes of the spray or fringe region begiiming from 800 kni. 


Ji X T r; N S 1 0 N < J 1' T II Iv F R 1 N O I? R H G I O N BY 

S n P 1 ? R - f; b A S T I C C O L L 1 S U» N S 

P'roin Table II it will be seen that the molecular density in the sjaay region 
rapidly diminishes with iucrea.sing height and at 2500 km. from the eaith's 
surface, the density falls to 1 molecule per c.c. which is the older of density in 
the inter-stellar space. According to Hnlburt,'"* however, the spray region may 
extend to heights much beyond this, if it be assumed that a cei tain fraction of 
the molecules in the region of the level of e.scapc acquire high velocity due to 
super-clastic collisions. There are, according to Iliilburt, 10 molecules in a 
vertical column per sq. cm. in the fringe region (according to llulbiut 
the fringe region begins from <150 km. but as we h.ive seen in §5 this .should be 
from 770 km.). These 10' “ molecules .suffer 10' ' collisions per sec. A fraction 
(ic)'** ) of these is of the super-elastic kind which impart velocities of the order 
of JO kill. /sec. to the neutral particles. Such particles rise to heights of 40,000- 

50,000 km. above the centre of the earth, in about 3 hours time. liulburt 

utilizes these high-velocity particles for explaining the upper atmosphere pheno- 
mena like aurorae and magnetic storms. These he suggests are due to the high- 
flyiug particles getting ionized by the solar ultra-violet rays and reaching the 
higher latitudes by being entangled by the earth’s magnetii' field. We will 
in the following sections discuss in some detail the above-mentioned assumptions 
of Hulburt on which this attractive theory of magnetic storms and aurorae 
is based. 

We will discuss the matter in two steps : — 

I. Firstly, we will discu-ss the spectroscopic processes which in the region 
round the level of escape may lead to the production of high-velocity particles by 
super-elastic collisions and calculate the number of the high velocity particles 
produced per second thereby, and 
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2. Secondly, the motion of these i)articlcs, when ionized, in the magnetic 
field of the earth. 

r () S S T li L K S O U R C U S OF S U P K R - E L A vS T I C C O Iv ly 1 S I O N S 

In the super-clastic type of collision, the encounter takes place between a 
neutral and an excited particle. The excited particle might give U]) whole or 
part of its energy to the neutral particle and the latter may tlms acquire speed 
corresponding to the energy lost by the excited particle. In order to CvStimate 
the number and the speed of the high-velocity particles it is necessary first to 
study the nature of the excited particles. Now an ordinary excited atom or 
molecule has a spontaneous chance of coming down to a lower state of energy 
with emission of radiation. This chance is very high — in other words, the 
life of an atom in an excited state is very small. In fact both theoretical 
considerations and ex])erinieiital results show tliat the life of an ordinarily 
excited alum is of the order of lo"'* to io“‘^sec. It is thus obvious 
that ill order that the particle may lose its energy by collision instead of by 
spontaneous radiation, the average number of collisions per sec. must be of 
the same order as the inverse of the life of the excited atom. Now in the 
region of the atmosphere we are considering, the collision al frequency is much 
smaller than the inverse of the average life of ordinary excited atoms or 
molecules, that is, several orders less than lu® or io'7sec. The excited particles 
which may possibly suficr super-elastic collisions cannot, therefore, be of the 
ordinary excited types, but must be of the iiietastable type for which the life is 
very much longer. We will thus have to enquire about the possible metastable 
states to wliich the atoms and molecules present in the outer atmosphere may 
be excited and which by superelastic collisions could produce high-speed neutral 
particles. The particles in the upper atmosphere which it is necessary to consider 
are N^, N and O- It is now definitely established that molecular oxygen, as 
such, is not present in the high levels of the atmosphere owing to the dissocia- 
tive action of the solar ultra-violet rays. Recent spectroscopic studies of the 
iiglit of the night sky seem to show that N .j is also dissociated, producing 
atomic nitrogen. ^ The extent to which this dissociation is effected and 
the relative proportions of N .2 and N have not yet been quantitatively worked 
out. We will consider below, in some detail, the metastable states of the these 
three gases, • 

ATOMIC OXYGEN 

The prCvSence of luetastable oxygen atoms in the upper atmosphere in the 

and states is well established by spectroscopic evidence. The famous 
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jt’reeii litie -^5577 the two red auroral lines A63()o and A63b3 are due to the 
transitions VS’ D aud ’D— "Pi.2- The life of oxygen atom in these slates 
('5 and ip) has been found by wave-mechanical calculations by Condon^® to 
be ’5 and i'3 x lo® secs, respectively. 

Tt may be interesting to discuss how oxygen atoms are brought to these 
metastable states. Chance of such transitions occurring by diiect absorption 
is extremely small. It is sometimes suggested that though direct absorption may 
be inoperative, the atom may be brought to the metastable state through a 
roundabout process. According to A. K. Das, ' the atom may be raised to a 
higher energy level by a direct absorption of radiation and then come down to 
a metastable state. A study of the energy-level diagram of oxygen atom shows, 
however, that there is no such higher energy level to which the atom maybe 
raised from the ground-state and from which it may drop directly to a mctastable 
state. It is [lossible, of course, to reach these metastable states by several steps, 
but obviously the number of atoms reaching the mctastable states by this 
process will be extremely small. It seems that the most likely process by which 
the atom may be excited to mctastable states are photo-dissociation and/or re- 
ecjinbination of oxygen ions with electrons according to the following scheme : — 

(1) (a) + iO-’P + O^l) (ii) 

A(, = i75<>^ 

ib) 02-f ' OkS' (12) 

Ao = 1325^ 

(2) 0^ + or O’P or ()'.S' ... (13) 

There is experimental evidence ’ ® that the first of the two absorption processes 
actually occurs. The second absorption process, though quite likely, has not yet 
been observed exi)erimculally. 

With regard to the recombination process it would appear that owing to 
the presence of ions in the outer region it is to be the nio.st likely process of 
producing metastable oxygen atoms. 


MOLECULAR NITROGEN 

The existence of nitrogen molecules in the mctastable state A '^S/, is evinced 
by the Vegard-Kaplan band systems observed in the light of the night sky. 
The transitions corresponding to these bands are given by A®i^a and 

are ordinarily forbidden. 
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The process liy whicli N 2 molecules attain the A state is as follows: By 
direct absor])tioii of solar ultra-violet radiation N2 molecules are raised to higher 
energydevels (for instance — >b, X^2 — ^b, X^S^c, X^S — 

X'ii — X^2 — >h) and are finally ionized (X'^ — >A'). 

Ny ions comVrine with electrons to form D, B;r^. These by spon- 
taneous transition and emission of II' and bands drop to A'^SJ; 

level. Being highly inetastable it can give up its energy by collision or by spon- 
taneous radiation in a region where the interval between collisions is much 
larger than the average life. 

Active nitrogen which is sometimes suggested as the source of metastable 
oxygen atoms may also produce high-speed particles by super-elastic collisions. ; 
Our knowledge of active nitrogen both as regards its nature and origin and 
also its possilde presence in the upiicr atmosphere is extremely meagre. It is, 1 
therefore not iiossible to consider in detail the possible effect of active nitrogen 
on the production of high-siieed particles. 


A 'J' O M 1 C' N I T R ( ) c; N 

The following photo-dissociation i>roeesses may ccmvei I nitiugcn molecules 
to nitrogen atoms : — 


A^i273X 

= II2/1 A. 

No such continuous absorption corresponding to these processes has yet been 
observed in the laboratory for N 2. Only very recently spectroscopic evidence 
regarding the presence of atomic nitrogen in the metastable state has been 
adduced by the discovery of lines corresponding to the transitions and 

— >-'*5; ill the night sky spectrum. The third forbidden line of atomic nitrogen 
lines in is the infra-red and has not yet been investigated. 

Nitrogen atoms in metavStablc stales might be olitained by the above photo- 
dissociation processes or by the predissociation of nitrogen molecules in highly 
excited vibrational states, as has been suggested by vSaha.^^ 

In Table III are given the velocities and heights which may be attained by 
Oxygen atoms and nitrogen molecules respectively if they suffer super-elastic 
collisions with 0 , N, and N2 molecules in various metastable states. 
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Table III 




Ucergy 
(in electron- 
volts). 

Velocity (in km./.^et .) 

TTei|Ti,t (in Um.) attfiined 


Source . 

impart cfl to 

(above earth's centre). 






|- 




C) 

' N 2 

1 

i 

1 

1 Na 

i 

n - 


0 

/)-S9 

1 1 

37 

9 . 3 on 

8,500 


1 , 

4‘^ 

7-09 

•SMti 

r.'j,CK)D 

l(^,OOf) 


frj'-2p 

ri9 

377 

-:-8s 

8,, son 

rS,tn)0 

N 


^■37 


1'“3 

j(i,n(>i > 

8 , 7 f)o 




^ .S3 


l,i,Of)n 

9 ..S 0 O 

N. j 

1 

h-i5 

S-.vS 

6- 


7 .9000 

1 ActiveNa— >Xl2, 

f)‘7T 

1 

i()-7g 

‘"^■13 

97,000 

J9,o0j 


( )f the various mctaslable states shown in Table ITI tlie highest energies ft)r 
sillier-clastic collision are given by the inetastable state of Ng and also by 

the active nitrogen- But since N2 is couliued more or less below the region of 
escape owing to diffusive separation, particles sufleriug super-elastic collisions 
with such Na molecules will not be able to attain great heights. The inetastable 
states of atomic oxygen seem, therefore, to be the must probable sources of the high- 
speed particles of Hulbiirt. Atomic nitrogen if it exists can be expected to reach 
the highest levels on account of its being lighter than atomic oxygen and will un- 
doubtedly lie above the level of escape. But it will be seen from Table III that the 
energy of its inetastable stales is on the whole smaller than the ^S—'^P energy of 
atomic oxygen. In order, therefore, to estimate the number of particles shot uj) by 
suiier-elaslic collisions, it w'ill suffice to calculate the number of oxygen atoms in 
the ’.S' state. This we proceed to do below'. 

C A b C U b A T I O N OF T II R NUMBER OP M K T A vS T A B b E 

O X Y G It N A T O M vS 

Since the most likely process by which oxygen atoms may be excited to the 
’.S state is that of recombination of ne.gative oxygen ions with electrons as shown 
in equation (13), we will have to calculate, in the first instance, the number of 
0-ions produced per sec. in a column of i sq. cm- cro.ss-section aliove 770 km;, 
i.e., above the level of escape. 

I'he number of ions produced pei' second in a column of i sq. cm. cross- 
section above 77.0 km. level may be calculated, making the simplifying assump- 
tion that the ionizing radiation is very little dimiui.shed in intensity by the sliglit 
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absorption it suffers in its passage through the spray region. (This is consistent 
with the picture of the spray region given before, namely, that above the critical 
level there is very little screening of one atom by another.) Thus the nuralx;r of 
ions produced per second, in the column, is given by 


1 


tjf == N 1 l(v)(ji/'(v)dv 


... (14) 


I'O 


vvlicru N = total imtiiber of atoms in the column ; 

I(v)(, = intensity of the ionising radiation outside the earth's atmosphere ; 

ionization probability ^ where r(v) = absorption per atom. 

hv 

Assuming the sun to be radiating like a black body at a temperature T,, 


\ 


l('')o = 


__ hv_ 
Sn(ihv\ //!'; 


where 4ir/i is the .solid angle .subtended by the sun at the earth. Thus 

/m' 


J oe _ ’ 

v'-'c r(v)dv 


Vo 


which comes t(* 


' c^h 

where corresponds to the llireshold frequency vq. 

Taking the value for r^, as given by Saha and Rai (a'Si x 10"'^) we get 
the number of oxygen ions formed per .second in the column to be given by 

q = 5’667 X lo**. 

If Chapman’s value for ro(3'5 x 10"* ®) is taken, then 

g = 5 ’043 ^ 10'*. 


Thus we find that about 5’7 x jo” to 5 x lo'* atoms out of the total 10’ “ atoms 
are ionized per second. 

Next we will find how many of these ionized atoms recombine jier second to 
form neutral atoms in the exrited *.S stale. This number is given by 

g = g+g-“ (15) 

where q+= number of positive ions ; 
i]-“ number of electrons ; 

recombination coefficient for ca])tnre in the excited 'A' state. 
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In the iibsence of any experimental value for the coefficient of recombination, 
It, we have to fall back upon theoretical value. The recombination coefficient 
is given by 


«= qiti, I) a / 

' m 


(i6) 


where c.V = the energy of the recombining electron and q(v,l) is 
section for electron capture in the particular orbit and is given by 


q{n, 1) 


A(n, I) X io- 2 ».Z^ 
V 


cross-the 


(17) 


/ is the effective atomic number and A{n., I) a factor depending on the orbit in 
which the electron is captured- 

We take the value of A(n, 1 ) for the ’.S state from the theoretical curves given 
by Morse and Stueckel berg. Thus for a teni])erature of rouo' K, V= c.v. 
and wo have, taking Z — 3, 


and coiisequeiilly 


1 ) = 

13 


“2 0 


a = 4*969 X 10’ 


'Plins the number of ions reconibiiiing per sec. in the kS state is given by 


~ [5*7 ^ I ^ X 4 '969 X to"’ 

.TT 7*6 X lo'"*, taking ^/ = 5*7 x 
‘>r -- I 5 '04 X ifi^J X /I'bpb X jo”^ 

— 1*3 X 10'^, taking q = 5 ’o 4 x 


A V K R A Tr h: M O T, K C U L A R 1) F, N S I T Y T N T H F 
FRINGF RFOION 

We next consider how many of these lo"' to lo^ atoms suffer super-clastic 
collisions per sec. The mean free-patli of an atom round the 800 km. level 
oi so is on the average about 150 km. The thermal velocity correwSi)onding 
to tooo°K is about q km. /sec. So that in the region between 770 km. and 930 km. 
an atom suffers one encounter in about 75 secs. The life of the atom in the kS 
state being ‘5 sec., one atom only out of 150 suffers an encounter pet sec. 
( )n an average, therefore, lo'^ to 10"' atoms per sec. receive high velocity due to 
super-elastic collisoiis. Roughly we can take that about 10^ atoms are shot up 
per sec. per sq. cm. in the spray region. Considering now the oxygen atoms 
in state we find that only lo'^ to io‘^ atoms out of the 10 ’ to 10 atoms in the 
Vs state suffer super-clastic collisions per sec. in the column above 770 km. 
level. Thus most of the atoms in the VS state come down to the ’D state by 

a 
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eiBittiug the green line. The life in the state teing much longer (lo® secs.) 
these atoms come down to the ground state by super-elastic collisions. Thus 
it may be taken that roughly lo* atoms with 4*89 km./sec. velocity 
and lo^ atoms with 7^09 km. /sec. velocity are shot out per sec. through each 
sq. cjii. area of 1000 km. level. We have to sec, therefore, how the density 
distiibiition in the spray region is modified by these high-flying atoms reaching 
850 (j and i/|ooo kin. respectively. Table IV is prepared after the method followed 
in preparing Table II and depicts how the super-elastic collisions affect the 
merging of the atmosphere with the intcr-steller space. This occurs at a distance 
somewhat greater frojn the centre of the earth than when the effects of 
super-elastic collisions are not considered. 



Tabi.e IV 

\ 

. _ '\ 

Region 

|Z.2“Z|) hi kins above 
earth’s surface. 

Number crossing 
per cm. 2 of datum level 

at Z~ 1000 km. 1 

1 

Average density 
(Mr)lecules per c.c.) 

i 75 ’>isoo ' 

4 X 10^ 

8’o X 10^ 

2000-1750 

2*4 X 10^ 

4*5 X 10® 

2250-2000 

1-48 XIo 7 


2500-2250 

2 '07 X 10*^ 

5 

3000-2500 

T X 30 ® 

3 

4000-3000 

10^ 

10-^ 


PART II. THP: ultra- violet THEORY OK 
AURORAE AND M A (i N K TIC S T O R M vS 

§1. INTRO DU CTI O N 

111 Part I wc have calculated the number of atoms which are shot up 
across the level of escape and which ultimately contribute to the formation of the 
spray region. We have not considered the effect of ionization of these particles 
which would undoubtedly occur Viy the absorption of the ultra-violet radiation 
of the sun. As mentioned in the introduction the ionized particles will in 
general i)rocecd polewards and might contribute to the production of aurorae and 
magnetic storms." We now proceed to consider these phenomena in some detail. 

We have seen that k/ o^gen atoms with velocity of 5'o km. /sec. and 
atoms with velocity of 7*0 km. /sec will be shot across every sq. cm. surface 
from the region of escape into the outer atmosphere. In the absence of any 
other physical process, these high-speed atoms will attain heights of 8500 km. 
and 14000 km. respectively from the centre of the earth. The super-elastic 
collisions will thus extend the spray region to about 14000 km. 
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We will now consider the effect of ionizing solar radiatiou. Such 
ionization by the incident solar ultra-violet radiation will profoundly modify 
the motion and distribution of ' the high-flying particles. The magnetic field of 
the earth will cause the ionized particles to spiral round the magnetic lines of 
force and lead them towards the polar regions of the earth- We discuss first 
in some detail the path of a charged particle when it is subject simultaneously to 
the influence of the terrestrial magnetic field and also to the pnll of gravity. 


§2. MOTION OF IONS IN ORAVlTATlONAfi- 
MAGNETIC F' 1 1{ I, D 


Let us consider the siinide case of an ion moving in a eon.stant magnetic field 
H with velocity If the velocity be in a direction making an angle 0 with 
the magnetic line of force, it will have components -a,, cos and Vg sin 6 along 
and at right angles to the magnetic line of force. The component along the 
magnetic line of force will remain unaffected by the magnetic held but the 
comi)oncnt at right angles to the field will make the ion siural round the 
magnetic line of force. Let the component at right angles to the magnetic field 
be denoted by v ; then the equation of motion of the ion is 

dv _ c[vxH] n\ 

dt c 

The motion described by (i8) is the motion with constant velocity v in a 
circle of radius K. given by 


me 


lie 


V. 


'I'lic angular velocity in the circular patli is 


cH 

me 


(ly) 


(20) 


Thus compoueiit t'o siu ^ ( = v) of the ion makes it move in a helical ])ath of 

radius Rl “ . t ) while the component cos 0 simply leads the ion along 

\ He J 

the magnetic line of force- 


I/Ct us now consider the additional effect due to the presence of the 
gravitational field on the ion paths. The force equation in this case 
becomes 


dt c 

l^ = mg is the force due to pull of gravity. 


— (ai) 


where 
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u,= 


To transform cqn. (21) in tlic form of eqn. (18) we suppose a velocity 
_ c[F X ly _ 


cH* 


c. to be imparted to the ion. 'I'he velocity of the ion is 

etl 


now given by V=('1 )~m„) and eqn. (21) may be written 

dV ^e[V xHj 


VI 


dt 


and consequently 


R = 


me 

11c 


. V 


me 

He 


(v~-2UuV + u/)^ 


\ 

\ 


Thus the clicctof ihe force F — is firstly to change the radius of the circular 

i:)ath R from • v io ^ (v" - 2UfjV ^ aud secondly to make the 

He He 

helical path advance in a direction at right angles both to ^ and to H with a 


velocity 

He 

It is easy to see, therefore, that the atoms as soon as they are ionized in 
the spray region will, owing to the component of velocity at right angles to 
the magnetic field, begin to trace cycloidal paths, i.c-, they will vspiral round 
the magnetic lines of force aud have at the same time a drift towards the east 
for positive ions and towards the west for electrons and negative ions. The 
ions and electrons will be led at the same time by the component of velocity 
along the line of force towards the north pole or south pole according to the 
direction of motion at the time of ionization. 


§3. KFFIDCT OF VARIATION OF g AND IT ON ION PATHS 


In calculating the helical paths of ions and electrons in the fringe region, 
we have not taken into account the variation of g and H with altitude. These 
variations will affect three things ; (a) the radius of curvature of the cycloidal 

path of the ion, R f ■ v\ (fi) the angular velocity of rotation in the 


cycloidal path 






C. 


He 


) 


me 


and (c) the gravitational-magnetic drift velocity 
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{a) As the iou descends downwards H increases continually inversely as 
the cube of the distance of the point under consideration from the centre of the 
earth. The radius of curvature of the iou path thus decreases continually 
downwards. 

(b) As H increases downwards, the angular velocity of rotation will increase 
in the same rate as that of (a). 

(c) Since g- varies inversely as the S(iuarc and H inversely as the cube of 
distance from the centre of the earth and since these are in the numerator and 
denominator respectively in the expression for the drift velocity, the drift velocity 
will decrease owing to the relatively greater increase of H. 

Simply stated the above results mean that as the ion comes dowoiwards, the 
pitch of the helical path becomes smaller and smaller, the rotation in the orbit 
I )ecomes faster and faster and the helical path tends more and more to be coiilined 
to one particular line of force. We give below a Table showing the variation 
ol R, % u„ for a typical case. [V = i km. /sec., m = i6 x j '062 x lo"'-*"' gm.] 


Tabi.e V 


! 

Height above 



i 



l arlh surface 

Z (in km.). 

1 LI fcin./scc.2). 

1 

11 (Gauss) 

j 1< (cm.). 

i 

1 

i 

(radian/ ►see. )j 

/f„(cm./scc.). 

1,0L)0 

732-6 

*37 

1 

4'.') 8 X lo'"* 

1 

2-43x10'^ 

.5-28 

^,000 

56H 

■253 

6*56 X lO^ 

I ‘52 X lo2 

3*73 

3iOOO 

452 

■174 

9 '.S 2 ^ io 2 

105x10^ 

4 ' 3 J 

4,000 

370 

•128 

i’3 X io3 

77 X lol 

4'8i 

5,000 

308 

■095 

r 74 X JO-1 

574 X 10' 

5 * 3 f> 

10,000 

i 48'6 

■0286 

5*8 X if)-l 

172 X jo' 

8-64 

ao,ooo 

37*3 

■0054 

3*1 X iqI I 

3 - 2 .^ 

1774 

40,000 

i8-6 

1 

1 

*0007 

2*2y X ic>S 

■43 

,39’o6 


Figures 4, 5 and 6 are drawm showing the variation of K. w and m„ w'ith 
height as the ion comes downwards. 


40.000 


32 

30JOOO 

28 


^ 20.000 


K 

10,000 

8 


40,000 


32 

30,000 

28 


Z 20.000 
>6 
12 

10,000 

8 



10 ^ 

Radicms/Set^ 
:''1GURE 5 
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Ug (cws/sec) — ► 
Figure 6 


§/). ROTATION OF THE EARTH MAGNET-TIME OF 
ARRIVAL O !•' THE IONS IN HI G H E A T I T U D E S 


111 the above discussion, the tacit assmniitioii has been made that the earth 
is not rotating. If, however, the earth’s rotation is taken into account, then the 
motion of the lines of force causes certain complications in the motion of the 
ion, which we will now consider. It is obvious in the first place that uncharged 
particles will not participate in the peripheral motion of the earth’s atmosphere 
because by our assumption the particles in the “ spray ” are moving in the 
region of no collision and their motion is determined only by the initial velocities 
acquired by them during the last super-elastic collision. This is not so for 
charged particles, that is, for ions and electrons. Such particles in their cycloidal 
motion round the magnetic lines of force will be subject to the electric force 
which is developed due to the motion of the magnetic lines of force of the 
rotating earth magnet. In order to determine how the motion vcill be afTecTcd, 
A\ e start with the well-known I^orentz. equation 




(22) 


where E is the electric field generated by the motion of the magnetic field H with 
velocity v. 
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Since the earth may be regarded as a magnet rotating round its axis 
(neglecting the inclination of the geographical to the magnetic axis) at any 
point above the surface of the earth, there will be developed an electric field of 
intensity given by the above equation. It may be shown, after Swann that 

the rotation of the earth-magnet attributes an electric polarisation P= L 0 ^ ^ 1 ] 

c 

to it. For points outside the earth's surface, this gives rise to an electric field 
having components 




Mil 


a_ 


- - 


2Mfi 


(1 — 3 co^~0) 


sin 0 cos 0 


(23) 


/{TTciC r 

wliere 0 is the angle made by r with the axis of the earth, and obviously the 
magnetic field has components 


TT 2M n 

II,. = - . cos 

47rr' 




M 

4 7rr‘* 


sin 0 


(24) 


The motion of the ion in this crossed electro-magnetic field will, therefore, 
impart a drift velocity to the ion given by 

c[KxH1 
' 11= 


.. 

= (nr) % 


I -!_COS“^? 

I < 3COs"^ ’ 


(25) 


Eqn. (:i5) shows that when r »a, v and for r=rt, and fl = 9o”, — 

i>e., rotational velocity of the earth. In other words, an ion at a distance of several 
earth-radii from the earth will move spiralling round the magnetic line of force 
of a nearly stationary earth, but as it descends, it will gradually experience a 
drag as if it is beginning to participate in the earth’s rotation. Ti'his drift 
velocity will have an imi)ortant clTect on the final position of the arrival of the 
ion near the surface of the earth. If the ion participated in the full velocity 
of the rotation of the earth, then the ion could have glided down a parti- 
cular line of force and would have arrived at the meridian on which the 
line of force in question strikes the earth. If, however, we assume that the 
ion is not participating in the rotation of the earth, then the particle would 


arrive at a meridian 


I 360 X t 

I 24 X 60 X 60 


) 


west of the meridian at 


/ 


which the line 
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of force strikes a non-rotating earth. If, however, tlic ion particij^alos only 
partly in the peripheral velocity of the earth, then it will arrive at a meridian 
which is intermediate between the above two. It is easy to calculate the 
amount of the shift, i.c., to calculate at what local hour an ion would arrive 
at the surface of the eaith if we know the hour at which it was icmi/ed 
and also its speed at the moment of ionization 

The eastward velocity experienced by an loii at a distance r from the earth’s 
centre due to the rotation of the earth magnet is 

(11,)“ “ 

r- H-3cos’-*t> 

so that the angular velocity at the i>oint under consideration is 

(2 t cos‘‘^(? 

1-H,3C0S”^ 

Obviously this angular velocity varies at each point of the downward 
course of the ion as r changes, so that the tot.al angle turned 
through is 

J '’-' fla® i + cos'-i^ i+cos'^^ ds . , 

T + 3COS‘^l^:^ * J ‘V ' "■ 

where is the time of clcvSccut alon^ the nuigiictk: line of force, and 

V is tlie velocity along the niagiiclic line of forces. Knowing the efjiialiojj of a 
magnetic line of force 


_ Cl 

sin^^r, r 

the above integration can be performed graphically. 

the total angle turned tliroiigh, being known, it is easy to calculate at 
what local hour the ion will return to the eai tirs atm()si>here. This is 
given by 

j 24 X 6o X 6o ^ - o 

X secs. 

360" 

It is found by calculation that an atom ioni/.cd at 12 o’clock at ^0,000 km. 
at equator and descending along the magnetic line of force with t km. /sec. 
velocity will return to the atmosidiere at about 12-54 local hour, i.c., about 54 
uiinutes behind. If the atom 1 )c ioni/.ed at 14,000 km. it will reach the top of the 
atmosphere at about 12-30 p.m. 

9 
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THE AVERAGE PATH OF AN ION 

We may now discuss the nature of the average path followed by an ion as 
it proceeds from tlie etpiator to higher latitudes due to the combined effect of the 
following velocities : 

(1) Velocity along the magnetic line of force of magnitude v. 

(2) CSravitational-magnetic drift velocity n, at right angles to g and H of 

magnitude . c (opi)osite direction for electrons). 

He 

(3) Velocity v' due to rotation effect of the carth-uiagnet of magnitude 

< i in the direction of rotation 

r T+3Cos‘*0 

where r=di.stance from the centre of the earth; 

angle made by r with tlie axis of the earth; 
g= acceleration due to gravity at the point under consideration; 



Figure 7 
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a=radms of the eartli ; 

magnetic field of the earth at the point under consideration; 

12 — angular velocity of the rotation of the earth. 

(The component velocities are shown in Figure 7.) 

The velocity -u has components v. sin 0 and — t. cos 0 along :v’ and z axes 
respectively. Thus the velocity components for an ion are 


di=^v sin 0 


y 


, mgo ^ 1 ■*’ cos‘^^^ 

eli oU 1 + coi^O I 1 + 


= —V cos 0 




(27) 


}l =11 O n (i +C()S^^-^) 
r 

01 the velocity of the ion at the point under consideration is 




/ cJI(,u ' I » cos"^>> I 


r- 


. (28) 


In the above ex])ression, v is constant for all altitudes and of the other two terms 


cllaU 


I +COS^(9 


and i2 ' 


1 +cos''^^ 
I + 3‘^cos^ 


the former represents the effect of the 


gravitational-magnetic drift velocity and the latter that of rotation of the 
earth-magnet. When r is very much larger than a, the second term becomes 
very small, in other words, the rotation of the magnetic field is negligible. If r 
is comparable with a, the second term becomes much greater I ban the first and 
the elTcct of rotation of the magnetic field begins to be appreciable. Thus at 
very high altitudes the ions will proceed along a magnetic line of force due 
as it were to a non-rotating earth, as the ions come to lower levels it begins to 
participate in the lateral motion of the lines of force and arc carried with them 
in the direction of rotation of the earth. 


Now the range of heights under consideration does not exceed 7 or 8 limes 
the radius of the earth. It is easily seen that within this height the second term 
is always much greater than the first. In fact as we come dowmwards from 
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higher levels, the second term rapidly increases in value while the first term 
hecomes small in comparison with the second. This nieans that the ions have 
ahvays a tendency to participate in the transverse motion of the earth. This 
tendency increases :is the ions come down and at heights of a few Imudred 
kilometres from the earth the electrons and ions move with the earth as if they 
form a part of the outer atmosphere. 


§5 'l‘HE tl L T R A - V I O Iv E T EIGHT T II E (J R Y OF AURORAE 
AND M A G N li T 1 C D I S T U R I! A N C E S 

In the piecediug sections wc have studied the state of altairs at the farthest 
limits of the atmosiilierc on the basis of our most recent knowledge of the 
constituents and temperature of the upper atmos])here. We have found that 
the binge legion or region of free flight of the abnospheric particles begins 
from a height of about Soo km. from the earths surface. Obviously the 
lightcAst constituent of the ga.ses of the upper atmosphere will predominate m 
number m the fringe region. Hydrogen and helium being absent, as is now 
believed, the fringe will contain o.Kygeii in the atomic state. 'J'hc (|uestion of 
dissociation ol nitiogen in the ujiiier atmosphere is not yet definitely .settled. 
Wc uill now see how the present study enables one to test (luantitatively the 
current nltra-violel light tlieory of aurorae and magnetic storms. * 

r iistly, .wc have Seen that the higliesl, energy available by a stii>er-elastic 
collision is only 4-2 electron volts which can imparl a velocity of about 7 
km. .Sec. to an oxygen atom. This velocity enables a jiarticle to attain a 
height of about 14,000 km. above the earth’s ceutie. We do not, therefore, 
iind particles speedy enough to reach a height of 40,000 km. or so, as is demand- 
ed by the ultraviolet light theory to account for the maximum frequency of 
occurrence of aurorae at 67° latitude. 

A remarkable feature of the auroral spectrum is that the intensity of the 
green hue of o.xygen and the negative bands of nitrogen are of the same 
order whereas in the spectrum of the night sky the nitrogen bands are very 
feeble. The ultra-violet light theory atteiuids to give an explanation of this 
)n the supposition that ucutial nitrogen molecules from the equatorial region are 
transported to high levels in the fringe region and by being ionized are thence 
guided to the polar regions; unfortunately, how^ever, nitrogen, if it exists 
in the molecular state, will lie confiued far below the level of escape and will 

have, thciefore, little chance of being transported from the equatorial to the 
polar region. 

The number of high-speed particles thus crossing each sq.cm, area of 
the lop of the atmosphere at the equatorial region and again entering the 
atmosphere at the polar region, as calculated in the present paper, is only 10^ 
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at the maximum; this is less by about three orders than the number assumed 
in the ultra-violet light theory of Hulburt/"* 

Comiug now to the question of ionization of high-flying particles in the 
fringe region, here too we find some difficulty. The time for such a high- 
flying atom to get ionized by the ultra-violet rays of the sun is given by 

i = ^ (^q) 

Io(i— ^0 

where K = Energy required to ionize the atom ; 

I ^—Intensity of ionizing solar ultra-violet radiation ; 
ro = Atomic absorption co-efficient. 

We have as yet no experimental value of for the process 0 ’‘E— 
but taking the theoretical value of Saha and Rai, - 2‘Si x io‘ ", we find it to be 
much less than the average value (3x10 ‘ assumed by Ilulburt and Maris, 
'fhe intensity of ultra-violet solar radiation within the limits A = 9] 2 A' to A = o, 
assuming the sun to be a black body radiator even in tlic ultra-violet portion 
IS about 6^6x10 erg -sec. -cm. It can easily be calculated that the time 
required for an oxygen atom to be ionized is about 3 x t()‘^ hours. I'liis is about a 
thousand times greater than the lime of ionization as calculated by Hulburt. In 
fitlier words, this would lead us to the conclusion that the oxygen atoms in 
their path in the fringe region have very little chance of being ionized. We may 
mention here, however, that all sucli calculations cannot be regarded as final 
since the extreme ultra-violet portion of the solar spectrum dei)arts widely from 
that of a black-body radiator at 6800' K and is most probably of the nature of 
line emission. 

McNish in a recent paper has pointed out that on three occasions bright 
solai eruptions w^ere not accompanied by magnetic storms and regaids this as 
irreconcilable wdtli the ultra-violet light theory. This arguinent against ultra- 
violet light theory requires, liow^ever, careful re-examination since tlie briglit solar 
erui)tioiis due to the intensification of a particular line does not necessarily mean 
eiiliancenicnt of the ionizing radiation required to ionize the [)articles in tlie fringe 
region. 

§6. vS U M M A R Y AND C O N C ly IT S I O N 

The discussion and the analysis given in the previous sections show^ that the 
atmosphere may extend uj) to great heights if its fringe or the spray region is 
taken into account. The spray region begins from a level at which the molecules 
begin to experience negligible collision with one another. If, as is now usually 
believed, the higher regions of the atmosphere consist of atomic oxygen and is at 
a high temperature (1000 '‘K), then it is found that the transition from the region 
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of collision to rL^.»ioii of no collisions will occur between hei.i^lits 770 kin. and 
930 km. The ox)^;^^en atoms CvSca])in^ from tins reiiion and describing orbits — 
elliptic, li59)erbolic i)V parabolic — round the earth will, in the absence of any dis- 
turbing effei't, form tlie spray region of llie eailh’s atmosphere. (The atoms with 
hyperbolic orbits will, of course, escaj)e altogether from the earth’s atmosphere.) 
rile average density of abjins in the spray region will rapidly diminivsh with 
increasing lieight and its value will approach that of the interstellar space, 
viz.f about one paiticle [lei c.c. at a height of 3000 kni. from the surface of 
the earth. 

Tf account is taken of super-elastic collisions which stmie of the atoms might 
suffer in the region of escape (77o-(j;^okm.) due to atoms or molecules in this region 
being excited to nielastalile states by llic incident solar radiation, then tlie spray 
region is found to extend io the height of T.pooo km 

These results are at variance with the sui)positioj[) whicli Ilulbiirt makes for 
explaining aiircaa and magnetic sbaiiis. According to llulburt sui^er-clastic 
collisions might drive particles to heights of a 1 )out /i::,ooo km. A critical exami- 
iialion of the possible modes of su[)e‘i -elastic collisions, in the liglil of the available 
spectroscopic knowledge, does not warrant the existence of particles speedy 
enough to rcacli such eiioriiioiis lieights. 

We have seen that, in llielnglily rarehed atmosphere we aie considering, only 
those atoms which can remain in tlie cxc'ited slates Joi a siilliciently long time (/.c., 
atoms and molecules in the metaslable states) can have a cliance of imparting higli 
velocities!'' other i»aiticlcs, Tlie nietastaljlc states wliicli can elicct this arc tlie 
^5 for oxygen atom and the A state of tlie nitrogen molecules. The energies 
of these states are, however, ^1.2 cv and 6.15 ev and the velocity iii]])artcd liy 
them to an oxygen atom arc 7*1 km. /see. and S'o km. /sec. rcs[>ectively. 
Hulburt's particles reaching .12,000 km. height must receive sufficient energy 
to attain velocity of the order of lu km. /sec. (Note— At great altitudes a small 
excess of velocity takes the paiticle a long way up since g is very small 
at high levels.) Our present spectioscopic knowledge of the upper atmosphere 
does not indicate any source of metastable atoms with such high energy. 

If the ionization of the iiarticles thrown up by sui'cr-elastic collisions is taken 
into aecount, it is found that the ions will be entangled in the magnetic field of 
the earth and the combined action of the gravity and the magnetic field will lead 
them along magnetic lines of force from the equatorial to higher latitudes. Here 
again the average lime x liours) taken for ionization of the particles 
calculated from the theoretical value of the absoriition coufficient of atomic oxygen 
(7 ^j = 2'8i X 10“^" foi the ionizing wavelength) is found to differ widely from that 
assumed by llulburt.^ Ilulburt’s particles are assumed to lake about 3 hours for 
ionization while the calculation referred to above yields results wdiicli are about 
three orders higher than Hulburt’s value- In order that Hulburt’s hypothesis of 
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the iKoduction of aurorae and niaj'netic storms by the import of ions transferred 
from low to high latitudes be apt)licable, it is neeessary to have atoms or molecules 
with absorption coefficients at least three orders higlier than that of atomic oxygen 
and/or to have the ionizing radiation ia the i)ortion of the solar si)ectrnm under 
eonsideratioii greater by the same amount tluin that calculated bom black -laxly 
solar radiation. 

In connection with tlie tnotion of the ions in the rotating magnetic field of 
the earth an interesting point arises. How will the lateral motion of the 
magnetic field of the rotating eartli-mag'net affect the motion of the ion ? 

It is .seen that this motion of the magnetic fiehl will produce an electric field 

r., X Hi 

according to the lyorent/. equation li= and that the field will have the 

effect of dragging the ions along with it round the earth ; in other words, 
ihe ions in the spray region, unlike neutral iiarticle.s, will partially 

participate in the rotation of the earth. The rotation efiect at a height 

'1 

7 will be “ ' d of the rotational Velocity of the lines of force at that 

i'** 1 4- ,^cos'‘'-W 

height. As the surface of the earth is approached, the dragging elTect will increase 
and the rotational velocity of the ion will al.so appi oacb the rotational velocity 
of the earth. 

An important consequence of the entanglement of the ions with the 
magnetic lines of force will be the reduction of the rate of escape of molecules 
from the outer atmosphere of the eaitli. A neutral iiarticle in the etjuatorial 
region having a velocity n km. /sec. at a height 7000 km. from the earth’s centre 
will escape from the attraction of the earth, 'i'lie same particle, if ionized, will 
leqiiirc a velocity of 2 5 x lo'’ km. /sec. in order to escape by disentangling itself 
from the earth’s magnetic field. 

A rough quantitative estimate of the various factors regarding the formation 
and ionization of the particles in the sjn-ay region shows that the a.ssnmjitions 
underlying the ultra-violet theory of aurora and magnetic storms as postulated by 
!Iulburt“ do not show very satisfactory quantitative agreement with the available 
data of the high atmo.sphere. One may, however, exjiect that w-ith the increase 
of <7ur spectroscopic knovvied.ge regarding the con.stituenls of the high atinosi>heie 
new’ facts may emerge which would show the way out of tlu difficulty and wouhl 
explain the discrei)ancies discussed in the i)apcr. 
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BAND SPECTRUM OF ANTIMONY MONOXIDE (SbO) 

By A. K, SENGUPTA 

{Rcclivi'd for puhlicaiio>i, AptiJ 14, 

Plate m VIII 

ABSTRACT. The present paper reports the vibrational slnuTiire analvsis of ilie emission 
hand speetnim (^f the clintoniic inoleculi‘, ShO, in the rej;ion X.^2(;o-a6Foo. The handshave 
been assigned to two S 3 ^stenH designated as tlie more refiangilile and ili(‘ less refiangil)le 
systems of the molecule and are due resi)eetivt‘lv to and ’n — transitions They 

have a coiuinfm lower staU' which shows a separation of cni.’^, Iietvveeii it^ TT-('omi)onents. 
I'roui analogy with the other members of the group V(b) oxides, this common lower stale seems 
in [dl probability to lie the ground slate of the molecule in (jiiestion. 


I N T ROD U C T 1 O N 

During- the last few years allenipls have been made to obtain the hand 
spectra avSSocialed with the oxides of group V(/)) cdenienls in the periodic table 
and to interpret them in the light of recent developments in the theory. At 
present our knowledge of the spectra of N()/ PO ^ and As( ) ' has much 
advanced. But for the remaining two oxides of the group, namely, vSla) ^ 
and Bio,’ there are available only the preliminary reports of analysis of 
their spectra. 

It is well known that the bands of NO ' are observed under dil'icrent modes 
of excitation and consist of four systems, designated as /i, y, <5 and ^ bands. All 
of them have a common lower state, which is a "H stale with a separation oi 
I*:! cm. ' In the case of PO," only one ultra-violet system, analogous to the 
ydiands of NO, has so far been thoroughly analysed. The lower stale of this 
system is also a state with a separation of 224 cm h hor AsO, two band 
sysitems are however known. They have also a eominon lower JL slate willi a 
separation of 1026 cm" V In each of these three molecules, the lowest II slate 
corresponds to the ground state of the molecule in question- 

For SbO, only a preliminary analysis of the bands photographed undei the 
dispersion of a Hilger K- i spectrograph has been reported by Miikherji \vho 
recorded a large number of single-headed bands in the region A330() '^ A6ouo and 
atranged them into four independent and apparently singlets system designated 
by him as A, B, C and D Ikands. He published the following band head 

equations 
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A bands : 

= 29749*4 + 586 {'u' + i)"-824‘3(ij"-fi) + 5'9 + 

B bands : 

v = 26600-4 + 573 ('z;' + i)-” 4*5(7;' + 813*0 (7;" 4 -^) + 3*3(7;'' + 

C bands : 

V — 24317*4 +586 (7)' 4 i) — 6*5(7)' + i)" — 813-0(7;" f i) + 3’3(r" 4 ^)“ 
D bands : 


v= 20655-7 + 565 (t' 4 - 3*5(7'' 4 if ““ 808-0(7)" 4 ^) + 3*8(7;" + 

1 

From a comparison of the values of the vibrational coefficients, Mukherji' 
was of opinion that A and C bands have a coininon ui)per state while B and C 
bands have a couimon lower state which in all probability corresponds to the 
ground state of the molecule. He could not, however, correlate the levels asso- 
ciated with the D bauds with those of the other three systems. 

From experimental evidences since the emitter of these bands is known to 
be the normal diatomic antimony oxide molecule, one would expect its band 
systems to arise from transitions between doublet electronic states as in^the case 
of homologous molecules, NO, PO and AsO. In view of this, it is of interest to 
enquire whether the four syvStems, into which Mukherji has classified the observed 
bands, are themselves independent doublet systems arising from transitions between 
similar electronic states whose resultant sci>aration is practically negligible or they 
are widely separated components of one or more doublet systems. It is further 
found that the intensity distribution in A and D bands is apparently unusual. 
Although such unusual distribution of intensity is not rare, it is worth while 
to enquire wffietlier the (luantum-nuinbers of bands in these two systems have 

been correctly assigned. With these objects in view, the present investigation 
was taken up, 

F X P F R I M K N T A Iv 

P'or light source the flame of an arc between antimony and carbon electrodes, 
as previously used by Mukherji,'^ was employed. The bauds were photographed 
also wdth a Hilgcr K, i quart?: spectrograph but with a slit finer in width than 
that used by the latter author. For photographing the bands in the region beyond 
A.3S00, a Hilger F. 52 glass spectrograph was used. The dispersion of the spectro- 
graphs are as follows : — 

Hilgcr E. I 6*5 X/mm. at A3300 to 49*0 S/mm. at A6500. 

Hilger K. 52 6'8 X/mm. at A4500 to 24*8 X/mm. at A6700. 
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Band Spectrum of Antimony Monoxide 

For obtaining the best definition of the band heads, Ilford fine-grained plates 
were used. An effective exposure of aliout an hour was necessary to develop 
the bands with sufficient intensity. 

IVIeasurcmen ts of band heads were carried out with a Clacrtner Frecision 
Comparator in the usual way adopting iron arc lines as reference standards. 

D E vS C R I !• T I O N OF THE S P I? C R TI M 

The bands arc degraded to the red and lie in the region A.3200 — A6S00. Due 
lu overlapping of neighbouring sequences the appearance of the spectrimi seems 
complicated. It is, however, found that the stronger bands in the region ^3200- 
'\t7oo show double heads. .Such a feature is also noticeable in a few cases on 
lilates taken by Mukherji. On the other hand the bands lying on the longer 
wave-length side of A4700 do not show such double heads, even on spectrograms 
taken with the glass spectrograph. Had these bands belonged to the same system 
which includes those on the shorter wave-length side, one would have expected 
to observe also the doublet nature of their heads. This evidently indicates that 
the absence of double heads is not due to want of the irresolution with the present 
dispersion. 

It is, therefore, likely that the bands in the region A3200 — A4 700 form one 
system while those on the longer wave-length side of Az|7o() belong to a different 
system. The vibrational analysis of the bauds given in the present paper confirms 
tills view. For convenience wc shall refer hereafter to these two systems as the 
more refrangible and the less refrangible bands of SlA ). 

'r IT E MGR TC R P R A N G T R L K BAND S 

These bands form two sub-systems, fairly wide apart. The more refrangible 
.md the less refrangible components are denoted as (a) and (b) respectively. 

The (o, o) band of the (a) sub-vSy.slem is a strong band at v=26j|7(j cm.”* 
'llie two bands (i, o) and (o, i) arc almost of equal intensity. On the other hand 
while the (2, o) band is fairly intense, the (o, 2) band is totally absent, although 
the band (2, 4) of this sequence (v' — v"— —2) appears with noticcacle intensity. 
Similar features are also observed in the sequences Av— ±3. The intense bands 
‘f this sub-system show in most cases douldc heads, the shorter wave-length 
' omponent being comparatively weaker in intensity (Figure i). 

It may here be noted that the double heads where observable are due to 
R-forin and Q-forrn branches, since their interval shows a tendency to increase 
Nvith increasing v' or with decreasing x/. 

The (o, o) band of the (b) sub-system is a strong band at 1^ = 24205 cm."* 
fhe bands of the different sequences are distributed in a manner very similar 
>0 that of the (a) sub-system and also show double heads in favourable cases. 
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It is thus I'duiicI that the interval between the (o, o) bands of the two sub- 
systems is 2274 cni.™^ 

'J'al)le I includes the data of these bands together with their r' and r"- 
assigiiinents. For coinx>arisoii Mukherji’s classification is also included. It 
will ]>e seen that Muklicrji’s 'Ml” and C ” bands are but the two .sub- 
systems ((/) and (/>). His assignment of values to these bands remains, 

therefore, unaltered. lUit his A-system which was fragmentary does no longer 
exist as an inde]Jendcnt system. In fact almost all the comparatively stronger 
hands belonging to it have been included in either of the above two sub- 
systems. Hence the anomaly in the intensity distribution in Mukherji’s 
A-systcji) is apparent. 

The heads arc represented within the limits of experimental error b^ 

the following formula . 1 

2f\StKpo ] 

r +5^2-0 ('I’M’ i) - 6-50 ('ii'H- i)“--Xi7-o J) + 5-.^) (t'^ + 

2 .p^22-o ) 

Table II gives the difference between observed and computed wave numbers. 
Farge differences arc found for all l)ands associated with the vibrational level 

0. I'liis level, therefore, seems to be perturbed. 

'rile follow iiig five heads which were recorded by Mukherji have not, 
however, been observed on our plates : 

[A (2, 2) I, A 35 '‘^ 3'1 i a (.1, ())], A3780-1 [0 (4, o) |, A/|45i-9 [ 1 .' (4, 5)], 

AJ 3 .S 2'9 [C (5, 3) I- 

Incidentally it may be mentioned that the first three of these heads arc 
not also iiieludecl in the wave-length data of Kder and Valenta.^* In addition to 
these discrepancies, it is further found that the heads at A346 q- 6 and A3567‘y, 
which Mukheiji assigned as A(o, i) and A(o, 2) bands, are in all probability due 
to condensation of partially resolved line structure of bands preceding them. In 
fact they could not be included in the band system under consideration. 
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Taisle I (conid.) 
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C( 3 . 1) 


iy.6S'8 

bf3. i) 

Q 

0 

.^oo/’ta 

24646'2 

b((). 5) 

() 

1U3. 4) 

4033- s3 

24 785-2 

b(i, 0) 

K 


4035 '(H> 

24776-2 

b(i, 0) 

n 

C(i, 0) 

4074 -gn 

24533-2 

b(2, 1) & b(5, 3) 

R 8: Q 

C(2, 1) 

4076-72 

24522*6 

b(z, i) 

Q 


/jncji’oo 

24437-0 

a(2, 4) 

Q 


41i6-X2 

24283*8 

b( 3 , 2 ) 

R 


4 ii<^)'nS 

, 24270*6 

b( 3 . 2) 

Q 

t'( 3 . 2) 

4i28*ig 

24216-9 

b(o, >) 

R 


4130-22 

24205*0 

b(o, 

Q 

C(o, 0) 

4 it) 9'65 

23976*1 

b(i. ») 

R 


4171-44 

23965*8 

b(l, 1) 

0 

Cvi. ]) 

42 .S 9‘36 

23471 '! 

a (3. ^') 

y 


4270-30 

23411*0 

b(., i) 

R 


4272-74 

23397*6 

bfo, i) 

Q 

C(o, 1) 

4297-72 

23261*6 

al-l, 7) 

Q 


4312-85 

23180-0 

b(i. 2) 

R 

J 
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Table I (contd.) 


A 

ill air. 

V 

in vaeud. 

Assignment. 

'] ype of 
Head. 

Mukherji's 

Assignment. 

4314-81 

23169-5 

1)(i, 2) 

0 

C(l, 2) 

435«’09 

22939-4 

bU. 3) 

n 

C(2. 3) 

4361-10 

22g23-6, 

a(2, 6) 

Q 


4395‘*7 


a (3, 7) 

R 


4398-50 

227287 

•1(3. 7 ) 

L> 

DU. 0) 

4669-21 

21410-9 

h[2, s) 

0 


4755-64 

212011-1 

b( 3 . 6 ) 

Q 

i 


Table II 

(O-C) Values 

More Refiangible Band System of.SbO 


v'/v" 

u 

I r 

2 

3 

4 

s 

6 

7 


n ^ -0-7 

C “2*3 







0 

b 1 +o '7 

Lo,, 








r o-o 


l -3-4 






I 

1 + 2-9 

Ui-3 

i-.= 







^+ 1-1 

C ■♦■o *2 


f-3-3 

f-4-3 


(-^■5 



( "bi'i 

?-o-5 


l-rr 

1 K 

t — 4 ‘6 

1 X 


-I 

C + 0-8 

-0-5 

r-o-i 




r 4 2-0 

r +ro 

0 

k + 0-2 

C +27 

(- 0-1 




C + 

^ X 



( +0-3 







4 


(. —0*9 









( +3’2 

C 4 2-8 






5 


U 4 -. 

( — 2-9 

C + 0-1 







r “O-b 







6 


( — o ’2 

L.., 








(■+2-5 

c + 0-6 






7 








8 


t ■+ 4*1 

C - 1-6 

( + 14-2 


(+17-6 



9 




IM 











(,+14-9 
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Table II (contd.) 


r'/i" 

1 

! ■’ 

j 

1 

2 

.5 

4 

1 

5 

6 

7 



[ 

( +°7 



1 

r -2*/i 




i(» 


1 . 

( -2*3 

^-07 

/ X 

1 

l-ro 




1 1 



c ^ 


1 








^ +<’■3 

^ X 


[ -3-9 










1 + 





r H Jv L E S vS ]{ E R A N (; I [\ h E B A N S 

'rhe system lies above A4500 and extends towards the red end of the 
speclnmi. It consists of a fairly large number of single-headed bands degraded 
towards the higher wave-length side- 

The bauds are grouped under two sub-systems, the arrangement of each 
group being the same. It is found that the components of the corresponding 
bands of the two sub-systems are at a distance of about 2130 cm. apart- The 
analysis shows tliat the (o, o) bands of l>oth the sub-systems arc absent. But the 
intensity of the bands along both v' — o and o progressions increases till it 
attains a maximum and then diminishes. The bands of the progression 

are, in general, stronger than those belonging to the t' — o progression. 

In Table III the wavelength and the wave-number data of the bands together 
wdth their vibrational assignments are given. The two sub-systems are denoted 
by ((j) and ( 1 )) as in the previous system. Mukherji’s classification is also 
included for comparison. 

The following equation has been obtained in the usual manner to represent 
the bands in the two sub-systems : 

20657 5 ] 

Table IV includes the ()- C values calculated with the help of the above 
equation. 

It is evident from Table III that in the case of the ' a ' components the 
present analysis is in close agreement with that given by Mukherji. But for 
the ‘ h ’ components a large number of new bands have been recorded. A re- 
exainiuatioii of plates taken by Mukherji also shows their presence on them, 
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Tabi.e III 

J he ly'ess Refraiigihle Hand System of Sl)( ) 


A 

in air. 

I 

u 

ill vanio. 

As.signnunt. 

ISIuklicrji’s 

Assi^uiiicnt 

.150^70 


•63, 0) 

'>13,0) 


2i(H3'g 

a 6], J ) 

r)'4, 1 ) 


;ii86j*i 

J‘ 7 . 3 ^ 

1 

|hi 7 -;i 5 

21651 -(J 

a(-i, n) 

i 


3‘3«'r3 

a 13. 1' 

I>' 3 . I) 

,)7.Vr.Si) 

21 l()^*0 

.'6 T ,(9 

j lUl.o) 


20.Sls'S 

a 2, 1) 

!)(.>, 11 

in in j.s 

.’029]' I 

a ( 1 , 1 ) 

' D'J, J1 

n.! 

2(»a5o'() 

a (2. *) 

!>(.:, 2) 

Se.iJ .^0 

19810*5 

a(0, S) 


.■ 5 ' ' 17 '(>3 

1980,^ SS 

'•' 3 . 3) 

a( 3 , 3' 

sij65'(.)5 

) 97 . 37'7 

afo, 1 ) 

Dio, j) 

5i 107*16 

iQ 574*9 

a (7, 6) 


SI 26\:J() 

J 950 T-S 

a(j, 2) 5; 6 fs, 2^ 

IMi. 2) 

5 jSg'go 

19263.0 

3) 

3) 


o; 034-5 

af3» 4) 

l‘>f3i ]) 

527770 

18942*4 

2) 

1X0,2) 

I 

2.S796-(i 

5) 

*>6], 5) 

j 

18705-0 

6(2, 1) 


5 .V)i‘ 2 .S 

1 8; 17*0 

afi, 3) 

r>(i, 3) 

5 - 1 06 

i8.]9j*(i 

a (2, 4) 

TXi,4J 

5505-57 

18158-^ 

a(o, 3) 

iKo, 3) 

5572 -^’n 

J 7639 '3 

a(i, 4) 

Dl J, 4) 

563s '8 d 

17729-4 

a (2, 5) 

1)(2, 5) 

5^70 4^ j 

1 7602 *4 

6fo, 1) 


5733 i 

i7'136’9 



5750.70 

i 73 R‘r.l 

a(n, 4) 

1)1 0, 4) 

57 s 57-93 

17362-6 

l)(i, 2 ) 



2 
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Tabi,u III Icovid.) 


A 

V 


Miikherji s 

in air. 

in vacuo. 

As.signmciii. 

Assignment. 

5776-1/) 

I 73 f» 5'4 

a(4.7) 


5K37-f)9 

17125-3 

h(2, 3) 


ym'As 

16803-6 

b(o, a) 



1^;77‘3 

!i' 3 . 7 ) 


601 V 20 

16620-2 

n'o, 5) 

D(o, 5) 


16579*2 

l)(j, 3) 81 a(4,8) 


r>o 7 i -37 

I (1.^66 - 2 

a (8, I f) 




a (5. 9» 


6 n y 1 5 

J^^ 53’7 

bf.;, . 4 ) 



16020*7 

<6 3) 


630.^71) 

1 5856*6 

a (4. g) 


6325-5^ 

15804-5 

b(i, 4) 



15665-0 

ai 5 » 10) 

0 . • 

6/] 1 2 ’03 

15593 

bf2. 5 ) 


o, 15 g- 2 i 

15 / 177-5 

iU6, Ti) 


6537-^0 

1S2Q1-4 

n( 7 , J2) 


6550-13 

15241-7 

l)(o, 4) 

... 

65yi -60 

15166*6 

b(/l 3 7 ^ 


66i8*8/| 

15104-2 

a (8, 13) 


664 7-03 

i 504()*2 

b(i. 5 ) 



CM ) R R U 1/ A '1' 1 N O I' T H K 1’ W O S Y R T E M S 

A comparisou of the baud head ctjual-ioiis for the two systems shows that the 
vibrational constants in their fiwal states are practically identical in magnitude. 
I'liis leads one to conclude that the two systems have a common lower level. 
In analogy wdth the homologous molecules NO, PO and AsO, this lower level 
is very likely a state. The appearance of close double heads in the more 
refrangible system suggests that its upper level is either a or a “A state. The 
intensity distribution and the general appearance of this system bears a very 


Less Refrangible Band System of SbO 
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dose iLScnil.kmrc to tlie A-bands of AsO described very fully by Connelly ' .. 
lias sininested a Slate as its ui.per level. It, tlieiefore, seems Very probable l ,il 
the upl-ci level of the more refrangible band system of tsbO) is also a “IS si,, it-, 
111 dial ease, the scparalion of 2^72 cm.'', between the two sub-.sy stems is ii„. 
(loiililel sei<aratioji of the lower 'll state. 

'I'he scjiaration of the two siib-syslems of the le.ss refrangible band,s is about 
.ii.iocm."', which is less than thal for the more refrangible bands by 1.53 cm ' 
ft .seems likely that the doublet .separation of the upper level of the foriiKi 
sy^s(em has this viihic. The absence of double lie'ads as well as the magnitude d 
(he separation suggests ttial it is V'ery likely a "If State. The mtcn.sity di.slribntioil^ 
of t/ii'' .sv'sfem /lears a close resemblaiiee to that of the /f-bands of NO, ivh/c/il 
b: also diie to a ' 7 1 — >' Ji transition. 

Hence t/ie electronic transitions concerned in the two systems may be dia- 
giammatiealJy represented as shown in Fig. 



t32Cm.'{ 


LESS REFRANSIBLE 
SYSTEM 


MORE REFRANSiatE 
SYSTEM 


2271 Cm| 


FIG. 2 


2it 


'I'lie doublet separation of 2272 cm in the lower state of Sbd, is so far the 
liighest found in the case of diatomic oxide molecules. 

It is well-known that the doublet interval in the “IT ground stales of NO, PO 
and AsO are T2r cm. 224 cm.-', and 10260111.-', respectively. A separation 
larger than 1026 cm.-' is, tliercfore, exriccled in the case of SbO. 

It is iiilerestiiig to note further that the molecules NS ^ and PO wliich have 
the same number of electrons have practically identical doublet separations in 
their *li gromid levels. On the other hand in the ground stale of SnCl” with 67 
electrons the separation is about 2360 cm. A doublet separation of 2272 cm. 
seems, therefore, a very probable value in the ground state of SbO, which has 59 
electrons. 
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ON THE RAMAN EFFECT IN CAMPHOR * 

Bv B. M. ANAND 

AND 

S. NARAIN 

(Received jor puhluatioii^ Februajy 15 , 79 ^ 9 ) 

Plate IX 

ABSTRACT. Tlic Raman spccimin of cainplior lia--’ been slncliccl in IliiMTVslalliiu* stalf* 
.intl in its saturated solutions in carbon telraiTiloride. earbon disulphide, ehlr)roionn, methyl 
alenhol and acetic arid. The characteristnc Raman freriuenca-s of camphoi in the solid stall- 
are hS3, 1182, ^937 ^ Whi'ii dissolved in the lirst tlnee sohents, 

about tweiit}' fretjueneies, iiiclndinp the above, are o!)servi‘d. in the last t^^'o solvents the 
number of lines observed is small. Important Raman fretiiieiK'ies are ast ribed to the corre- 
sponding vibrations in the camphor muleeule. 


T N T R 0 D U C T I O N 

The Raman effect has been a very useful tool in the study of inolecnlar 
constitutions. Camphor 


CII; 


HgC C c = () 

I 

I 

HaC.C. CH, 

II3C C CHa 

H 

is an important organic compound which has not been studied in great detail. 
Jatkar and Padmanabhau ' have studied camphor in its saturated solution in 
ecu, while Thosar and Bawa Kartar Singh “ have observed its Raman spec- 
trum in the solid state. In the present paper Raman effect of camphor in the 
crystalline state and in its saturated solutions in five solvents is given. 


Coniniunicaled by the Indian Physic.al SfU'ietj . 
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1 he cliaraclei istic frequciiricvS of a solute molecule may be displaced due 
to the influence of tlie solvent molecule. Some new fre(iuencies may ai)i)ear due 
to the relative vibrations and interactions of the solute and the .solvent 
molecules. 


JC X P IC R I IM n N A Iv A R R A X (.; H M K N T S 

The exi>erimental aiTani>ciiients have been previously jjiven by one of 
us. A hif^Ii light gathering power (f/,V5) si)ectrogra[>h by Carl Teiss was 
used. Chemicals were MercICs extra pure samples or H. D. H. analytical 
reagents. 


R TC S TT p r S 

^I'able 1 gives llie Lieiiueiicy shifts (jf Ctim]>lior in the solid state and in 
solution. Tal)le 11 gives a summary of the result, ahmg with the result, of i)re- 
vious workers foi comparison. Plate IX gives the enlargements of the 
negatives. 


n I S CMT S S T ( ) N 

In the solid state only the most prominent lines of camphor make their 
ai)pearancc. The greater number of lines in solution may be due to overtones 
and comliiiiations. I'he small iiuiiibcr of lines observed in soluliuiis of camphor 
in methyl alcohol and acetic acid is due to the continuous background \a hich 
invariably accompanies the Kaman spectra of cami)hor in these two solvents. 

Table II .shows a fair degree of agreenicnl between our results for the mean 
values f)f for camphor in solution and tho.se of Jatkar aiiclPadmanabhan, except 
for the new frequencies 1:32, 295, 472, 610, 2776, 3106 cm,“^ observed by us. 

Out of the six lilies observed by us in the crystalline state, the lhree““653 
{^s) 1459 (Is) and 2g;^7 (3b) — agree with those found by I'liosar and vSingh. 
Their other three lines are comiiarativcly \Aeak and do not appear in our plates. 
It may be mentioned that they gave an exposure of g() hours using A 4046 as the 
exciting line, while our cxposufc was for la lioms emidoying A435S. The line 
T73S cm.”* due to A4046 falls in the region of A4358 and, therefore, lias not been 
recorded by them. 

Some of the prominent frequencies are given below : 2941 cm.”^ is a fairly 

intense broad band showing structure . It is observed in the solid state as well as 
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PLATE IX 



Raman Spectra of Camphor. 


( a ) 

Solution sjiruratcJ 

in CCl, 

( b ) 


" CS.j 

( c ) 


” CHCl, 

( d ) 



( c ) 

( f ) 

Crystalline state 

" CH,,CC)OH 
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Tabi.K I(ai 
Camphor iu CCI4 

i'„ = A-4702 ' 

!■„= ’4515 (-111.“’ 

T,. = :;^Q3<S cm. ' 

I’,/ = 1 8310 cm. ' 
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'I'aulk I(J>) 


Caini>ljor in CSo 


No. 

V 

I 

j A ^ 

i V 

1 

1 No. 

V 

1 

J 

I 

A*' 

1 exciting 

p 

J 

2/1051 

3S 

651^ 

a 


22232 

JS 

706 

c 

'J 


j(l 

7' '5 

a 

16 

22132 

lb 

806 

c 

3 

2.VJ10 

lb 

603 

b 

1/ 

22081 

lb 

^57 

c 

4 

23861 

ib 

S,1, 

a 

iS 

2200^ 

lb 

63 S 

c 

5 


lb 

‘)37 

a 

16 

21623 

ib 

1013 

c 

() 


j il> 

- 6311* 

c 

20 

:!i.S3., 

lb 

1104 

c 

1 


ob 

tj66 I 

a 

21 i 

2177s 

i 4b 

J 160 

(' 

8 

23120 

ul) 


b 

22 


4]) 

1180 

c 

0 

•2677 

! ii) 

Jhi j 


^3 

2 1610 

ib 

1308 


ID 

226,13 

jb 

*-’63 

c 

-1 1 

>1 176 

lb 

1462 

i‘ 

1 I 

22341 

ii) 

367 1 

«“ 

2.- 

21104 

2S 

174 1 

c 

I ’ 

2.^162 

I s 

170 

e 

26 ; 

'^O )IO 

4 b 

20 -s 

c 

n 

-!*:383 

IS 

"'S.S 

c 

27 

K)Sl.] 

I'' 

3114 

c 

' 1 

2:: ..'83 

38 

^>53*' 

1 





1 


(/) iVlctin for solvi'Jit C'S, ; 653, SiA ciii, ' 

(/ 7 ) l\'U'nn Av it)] sfilnlc camplior : .-•os, .V)7, '/o.S, ■'^49, injs, J ico, 

iiSo, 1 1^1 >, 17 C’g-iS, ui'iuii. ' 


'l‘ABr.K Kc) 

Caini)lior in CIICI., 


No. 

p 

1 

Ap . 

ICxciting 

p 

No. 

1 

p 

1 

r 

Ar 

Ivxciling 

p 

1 

246 S 5 

il)(l 

o ,,7 

a 

15 

2201 1 

2]) 

627 

c 

2 

2.5573 

ibd 

” 6 .s* 

c 

j6 

-’1977 

2 b 

g6i 

c 

3 

23263 

1 b(l 

- 3 r.S* 

t' 

17 

2 1 0(^4 

od 

1634 

c 

4 

22Sog 

2 S 

120 

c 

18 

21828 

lb 

1110 

c 

,s 

22660 

3 « 

26g* 

r 

jg 

21724 

2b 

1214"' 

c 

6 

22362 

3 S 

37b* 

c 

2f> 

.>.1/167 

2bd 

- 3471^ 


7 

22436 

IS 

4S2 

c 

:!i 

2118] 

• 2 S 

1757 

1 c 

8 

22363 1 

2b 

573 

c 


20160 

JS 

2778 

i 

6 

2231.S 1 

2d 

023 

0 

’3 

: iggg8 

3 h 

2g4o 

i c 

111 

22305 

38 

*‘ 33 *^ 

c 

24 

j'- 63 g 

2b 

251 

1 d 

11 

2223(1 

2S 

()^i* 

C' 

2 S 

i 17645 

2b 

365 

d 

12 

22221 

id 

717 

• 1' 

'6 

j 1 7661 1 

2b 

650 

' d 

13 

:’:>172 

d) 




1 




14 

;’2()6() 

i 2b 
) 

S(Sc) 

c 


i 


1 



( 1 ) Mean A»'ft)r solvent ClICl;^ ; ,^15. 6.^1, 682, 76^, t?.i, 1471 cm. ’ 

(/71 INIeaii A»' fni' vSf>liile caTriplior : i^g, 482, 573, 717, S6g, Q27, 061, T034, iiio, 1757, 

2778 , 29400111 ,’* 
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Tablk I(rf) 

Camphor in CII;^()H 


So. 

V 

1 

1 

Ai' 

Exciting 

V 

No. 

i 

» i 

1 

1 

T 

A" 

h'xciting 

V 

I 

24061 

IS 

641 

a 

7 

21486 

od 

1452^* 

V 


23556 

0(1 haiKl 

ii 4 ti 

a 

8 


od 

« 735 

0 

3 

22390 

IS 

54S 

(“ 

9 

rnT76 

2 s 

2762 

0 

4 

22290 

3 ^ 

648 

(' 

lo 

20014 

3 l)and 

21)24 


,S 

22009 

! odh 

86() 

c 

11 

19840 

IS 

3 ^'68 

(' 

(S 

21771 

j id hand 

1 

1167 

c 







(/) IVTcan Ai" for solvent CHaC )11 • ^ 

[ii] Mean Av for sfilute camphoi ; ^ 6.^5, 86tj, n‘,7, 1737, *’7<^«’, .^ogSt^ni/^ 


'1 'aiu.h !((’) 

Cainplior in CII;;C( )( )!! 


1 

Nu. 

V 

1 

1 

1 

1 

1 

! A V 

I 

' h'xcitinc 

i ^ 

1 

1 *' 

1 

1 1 

! 

1 

! 

ICxciting 

V 

J 

24049 

1 

2S 

1 

f’.SS 


0 

21499 

0 hand 

1436 

0 

0 

22275 

4S 

663 

(' 

7 

21203 1 

0 hand 

1/35 

c 

3 

22064 

o(-l liaiid 

87.1* 

(' 

8 

20136 

2S 

2782 

c 

4 

21991 

od hand 

‘M7 


9 1 

1 990c » 

3 hand 

294 « 

c 

5 

21752 

I hand 

1186 

c 







(0 Mean A»" for solvent CIl3CC)OH : S74 cjd 

{ii) Mcfin A*' for solute camphor: 65^, 9/17, iiS'6, 1430, i 735 i 27S2, :jn48 cm. 


TABhK I (/) 

vSolid camphor 


c 

1 

1 

1 I ' 

1 

A. 

Exciting 

1 

No. 

i 

V 

' ( 

! i 

1 T i 

1 .„_J 

A*' 

Exciting 

V 

I 

22426 

2h 

I 

512 


4 

21479 

IS 

1450 

V 

2 

222S5 

3 ^’ 

653 

c 

5 

21 .iOO 

i 

2 S i 

173^8 

c 

.3 

21756 

31^ 

1182 

c 

1 

6 i 

1 

j 20001 

3 h 

2937 

c 


Mean Ai'for camphor: 512, 653, 1182, 14.SO, ''937 



Table II 

Raman spectrum of camphor 

in cm.”^ of camphor 
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Notation : s = sharp, b = broad, d=diffiise. 
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ill iill the solutions of ciiniphor ill various solvents. I Is structure is sui)i)osed to 

11 

depend on the number of C — JI or X — C — X ‘j^roupini;s and is ^^eiieial]}' ascribed 

IT 

to them. 

J77b cm."^ IS also due to the slretchinc of C — 11 Innul. 

iy.\j. cui.“^ is the characteristic frequency of the ket(j i^njup (C — ( )). It is 
(luite sharp ill CCbi, CSj and CIICl.; solutions, but is ditTuse in CI1;;()II and 
.solutions. 

1^5;^ 0111.““^ is due to the deformation vibralions of llie CIIi> ij.i()U[»s. 

1-04 emi."' is the deformation frequency due to the j)resence in the molecule 
oi a siiiyle hydrogen atom attached to a caihoii atom. 

'Idle double frequency ii^iS, itcjc, cm.”' is quite in'ominent and is 
H 

attiibuted to C — C group. 'Idle frequencies cj pS, ku o, iioocm,""' may be due 

IT 

\o the oscillations of C“C atoms in the cliain 

g-o cm.”' may be due to the vibration of the end methyl grou]) against the 
iLsi. of the molecule. 

05SCIU."'' may be considered to be the cliaraclei istic of the nucleus of the 

C' 

camphor molecule consisting of C““C“C groiij) of carbon atoms. • 

C 

472 c'm.“' is generally due to C — C = t ) group 

In order to explain the origin of the smaller fieciuencies observed in the 
solutions of camphor in its various solvents, the study (jf tJie stale of i>olarisation 
nl the various Uaman lines wandtl ])e necessary, Sucli a study may also exi»laiii 
some notable differences observed in the Raman frequencies for camtdna' in 
different solvents and also may throw light on the nature of interaclioiis between 
the solute and the soheiit molecules. 

< )ur grateful thanks arc due to Prof. J. 11 . vSetJi and I)r. Jh K. Kiclilu for 
the Jiel]dLil interest they look in our work. 
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ABSTRACT. The ])nper presents llu* results of an cx])cTiniciita I study of parasitic wirc- 
nllcdors arran.i>:ed in a jiarabolic array on a wave-lenj^th of about 3 nieires. Tin* ai ray had 
.1 focal leiii^dh of A//] and the leii^dli of the wire-rellectors was A/:i. The ])riinaiA’ antenna 
which was a p-ouiided vertical A/4-aerial connected to an ultra-short transiniiter was plaet-d 
at the focus of tile pnral)ola and the w-aves were received h\ a helerodyjie receiving ^et 
(raisfruclcd for the purpose. The relative field-strengths at a definite distance from the 
]ailnar^' antenna wt'IT then measured for different orientations oi the parabolii' ri'fleelor. 
Th( pr)lar distribution of the field-strengths was in this wtiv studied : 

It) wdlh numbers of the wirc-tcfleetors in the array w ith a fiYcd spaeinp hclwei'ii 

tljc ('oiitiguoiis wires, 

(j) w ith a f/A'cd number of wire-refleetors of vutying spaciuR values, and 

(31 with a anri'/auf value of the npeitnre for the parab(dic array of varyhig iiiimhers of 
w ire relleetoi s\ 

The e\perinienlal study yielded information about the depcndciiec fd /nrrcflf/d 
h'/ai ii’nciiiviiy, fonvard-sccior dircciivity and back nnf/afmu on the numher, spaciiij^ and 
;M'L‘ihcre of the parasitic reflectors in the parabolic an ay. A theoi’etical disenssioii of the 
I ^piTimontal results has also been give n in tlie paper. 


I. INTRODUCTTDN 

There are generally two types of multiple antenna systems emjdoyed in 
^lireclional wireless transmission : (i) the directly excited system, and (2) the 
parasitically excited system. In the first type all the wire-elements of the 
antcniia-array are iiitercoimecled by transmission lines so that the phases and 
the magnitudes of the currents in the radiating elements are under control. In 
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tlie second type llierc is a rcnectm^ airay of wires or inelallic sheets which 
derives its eiier^/,y tliroiigh induction and radiation from the main or primary 
antenna or antenna-system. 'riie relative dispositions of the wires iii the 
re-llectiuu array determine in this case tlie phascs^and magnitudes of the currents 
induced in the renectiiiH wires. 

Much work lias been done on the directional characteristics of anteniii - 
ariays of the directly exi'ited type and the results of these investigations have 
been utilised with much success in the commercial ap[)lication of tlicse arrays. 
Similar success has not, however, attended the use cjf parasitic wire-iellectors on 
a commercial scale, althoUL’li this tyi>c of reflectors was hist emi)loyed by 
Ilert/ * (rSS.S-o(jj and afterwards by Marconi.^ 'Plierc may l)e many kinds of 
liarasiiic wuix-reflectors, ciz., single, double, trigonal, trat)e/oidal, plane and 
parabolic arrays. Some amount o) work on these w irc-rellectors lias already 
been rejioiied. Mention may lie made ot Dunmore and hhigels' ’ ex[)erinicnts 
with parabolic grid ieflect(»rs on a wavelength of r<» metres IoIIowxhI by Jones ' 
who worked with similar reHcctors on s metres. Unglund and Crawd'ord 
investigated the elTecl of idle antennas in tin. neighbonrhood of an excited one. 
More recently the directional cliaiacleristics of solid metal- and wire-reflectors 
W'Crc studied liy (besUy'* ( vt)-S metres), Kohler' (i(v,S cm.), Hcau\ais ^ 
(i.S to 17 cm.) and others and very recently l)y Nagy ' (2-5 metres). The 
coinmercial possibilities of the i)arasitic leflectors were indicated by the woi'k 
of N‘agi,^" I'da,” iMeissner and Kothe/“ Merconi and Franklin,’’ Clavier,'' 
ICsau and Hahnemann, ’ ’ Wolff, Kinder, and lhadcn,’“ Kolster and others. 

In the jireseiil investigation an cxjieriiiienlal study has liecii made of the 
inteii.sity distribution in a liorizontal plane due to the juxtaposition of a vertical 
antenna and parallel parasitic wires arranged in a parabolic array. It was 
thought desirable to olrtaiii relialile information a])OUt the eCecl of the number 
and the spacing of the rcflector-clcmeiits and of the a])erture of the ])arabolic 
array on the directional characteristics of such an array. Adequate precaution 
w as necessarily taken in the expcrimeiilal arrangements to minimise extraneous 
radiation by iilacing horizontally, as far as i^racticablc, all idle and current- 
cari-ying elements which did not form an integral part of the radiating unit. 
This resulted in a fair degree of symiiietry of the ijolar radiation patterns so that 
tlie coiiclnsions and deductions from these ]K)lar patterns are to a great extent 
reliable. Placing the inimary antenna of a smaibpower ultra-short-wave 
Iraiismittiiig set at the focus of^the parabolic array, the polar energy distribution 
at some distance from the reflector was investigated for different values of the 
number and spacing of the wires and for different apertures of the parabolic 
system. 

The results of these investigations are embodied in this paper and finally 
some approximate theoretical foiimilac for paral.)ulic array of the parasitically 
excited type are discussed in the light of the experimental results. 
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2 . E Q U I P M E N I' 

The Paiabolic RcJIcclor 

The reflector-elements of the parabolic array consisterl of S.W.ti. No. i;: 
copper wires of length 1500111. (approximately half the wave-length eiiijiloyetl In 
this investigation). Two similar paiabolic vooden frames of about .| metres 
aperture, one fixed at a height of 70 cm. above the other in a parallel |.o.sitioii, 
were fitted up with small ebonite discs 10 cm. apart and copper rods weie inserted' 
rertically through the holes drilled through the two sets of ebonite discs one 
.d)ove the other in the two wooden frames. ICaeh rod could be ttxed in position 
by a short stout wire inserted transversely at one end of the rod. The double 
wooden structure was hel I up at a eoiivenient height by wooden sni>ports so that 
the distance of the middle of each reflector wire from the ground was about 
iT.Scni. 1 he entire structin e was so designed as to permit .ym" rotation about 
a vertical axis through the vertex of the parab,>la. The focal length of the 

parabola was 75 cm., i.c., approximately a ciiiarter of the wa\e-length employed 
in this work. 

11 ic TrausniiUrr 

1 he ciicuit diagram of the traiisinitliug set is given in figure- j A 'IVIl- 
finikcn R. h 134 valve was connected to a single tuned circuil v\'illi capai'ilivc 
ivtro-action, A voltage of above 250 volts was employed for the direct cm lent 
for the anode circuit. Suitable choke coils having self-re.sonanee at 
approximately the working wave-length were placed with their axes liori/outal 
m all the D. C. supply leads to the valve electrodes. Tlic Iransmitling aerial 

was practically a --aerial and the wave-length of the radiation was 2’SS metres 
4 

I lie lower end of a straight vS.W.G. No. t 2 wire fixed in a vertical jiosition was 
^•nimected to one end of a small loop of wire which was also placed in a hori/.unlal 



G.B. L.T, H.T. 


Figure j 


4 
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plane. This end was also connected to the retro-active condenser. The other 
end of the horizontal 1oo]j which was about 20 cm. above ground was connected 
to tile earth by a straight vertical wire. Inimediatcly above the loop was placed 
an aiinneter to indicate the constancy of the aerial current. A sliding copper 
tulje placed concentrically over the upper part of the vertical aerial was found 
convenient for the tuning purpose. 

A light wooden frame with a horizontal wooden board on the top protected 
the components of the oscillator from wind and dust. The baseboard of the 
frame was fixed on four insulated supports. TJic aerial supported by a light 
wooden structure projected directly above the top board of the oscillator. Above 
this board the aninieter was fitted to the wooden structure supporting the \ 
aerial. The dislancc of the top end of the aerial from the ground was 77 cm. 
The pholograpli of the transmiller with the ])aral)ohc wire reflector is shown in 
figure 1 (a), Idale X. 


I'he Keccivin^^ Anaugciiu ul 

The receiver coii.strueled for the measurements of relative field intensity 
coiii])rised a detector-o.scillator unit. This stage was used in an oscillating coiidi- 
lion for the heterodyne reception of the waves from the transmitter. After 
rectification the beat-note of audible frequency was passed through an amplifying 
.stage. A low frcciuciicy choke was inserted in the anode circuit of the amplifier 
and a pair of telephones was connected through a large condenser (i F) to the 
anode end of the low frequency choke and the negative end of the low tension 
battery feeding the filament of the amplifier. The low frequency potential 
dillerence across tlie lclei)hoiies was llieii measured in arbitraiy units by means 
of a valve-voltmeter constructed for tlie purpose. The circuit diagram of the 
receiver is shown in figure 2(a). The detector-oscillator valve used was a 
Philip's T. C. 03/5 valve and the amplifying x^alve was a B 443 valve with a 
suitable bias voltage to llie control grid. The receiving aerial was similar to 
the Iransmilting aerial. Tlie distance of the top end of the aerial from the 
ground was 87 cm. 

All A. C.vS.d. vahe fed Iry’ direct current was employed in the valve-voll- 
nicler After having applied suitable voltages to the anode and screen-grid the 
uiicro-aiu meter which was in the plate circuit was balanced in the manner shown 
ill ligiire 2(b). With the signal on, a change in the deflection of the micro- 
am meter was observed. In all cases the readings of the micro-ammeter deflections 
Were taken with a telescope placed at a distance of about 6 meties from the 
receiver. The complete receiving arrangement was fixed upon a wheeled carriei. 
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FIG. 2 (cO- 



Fie. 2(b). 


To make the transmitting and receiving set.s as light as ])ossil)le, low tension 
Imltcries were ustid separately on insnlated stands on the ground. 

The tuning condenser in tlie detector-oscillator circuit was fitted with a 
long ebonite handle Lind once the adjusliuent of wave-length of the oscillation 
ill the detector-oscillator circuit was made by turning this handle, the position of 
the tuning condenser was kept fixed throughout one set of observatioji of the 
micro-ammeter deflections. 

The response curve of the receiver showing the change in the micro-ammeter 
deflection for different values of current in the transmitting aerial was found to be 
a straight line, except for extremely small aerial currents. I'he receiver current 
could, therefore, be taken as directly proportional to the field-strength due to the 
transmitter at a distance. 

E X r IX R 1 M B N T A Iv P R ( ) C E J) U R E 

I'he experiments were carried out on level earth practically free from the 
disturbing effect of trees, underground circuits, etc. On the experimental site 
a circle of radius equal to 75 cm. wlis first marked out and the antenna of the 
transmitter was placed exactly at the centre. I'lie receiver w as placed at a 
distance of 10 metres from the transmitting antenna. The straight line joining 
the two antennas was taken as the zero degree line. Several diameters w^ere 
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then marked on the circle, making different angles with the zero-line so that the 
paraholic reflector at its vertex could be placed tangentially along the circle 
with its axis oriented at different angles (o° to 360”) from the zero-line. 

At first the measurement of the relative field-intensity w^as made without 
the ])aral)()lic reflector. After removing the reflector the aerial current 
of the transmitter w^as adjusted to some definite value. (The 
observation of the aerial current w-as made through a telescope situated at 
some distance from the transmitter.) The receiver was then adjusted and the 
change in tlie deflection of the micro-animeter in the valve- voltmeter of the 
receiving Set measured with the transmitter on and off. The parabolic reflector 
was tlien brought and placed tangentially at its vertex along the circle marked 
on the ground at the points corresi)onding to tlie ends of the diameters marked out 
previously Thus for these different positions the axis of the parabola made 
different angles with the straight line joining the transmitting and the j'eceiving 
antennas. Keeping the aerial current in the primary antenna the same as before, 
tlie changes of micro-ammeter dcfleciions at the receiving end were tlien measured 
successively with the Iraiismitter on and off for the different orientations 
of the ])aral)olic reflector. The polar diagram of the distribution of the relative 
field-intensity in a. horizontal plane was then constructed. 

I'liree distinct cases w^ere investigated : » 


fi) Mx[)erliiients with a constanl s[)acui^:: of the refleclor-clemenls of varying 
nuniiu IS and consequently of varying apertures of the parabolic reflector. 

lixpciiiiients witli a ftAccl number of rcflecio^-clcmcnis of different 
spLicing-Viilucs, 

(3) Jixiierimeiits with a jixcd upcrtuie of varying numbers of icflictor- 
eJemeu Is. 

In all these cases the length of the wires w'as 150 cm. 

IC X P U R T M !•: N T A L R R vS U b T S 

The polar distribution of the radiation from the transmitting antenna without 
the re lector w'as fiist determined. Tlie intensity distribution was found to be 
practically uniform in all directions. The experimental results with the parabo- 
lic 1 elleelor are given iu three tlifferent sets. 

Set I. Study of polar patterns of the parabolic reflector with a fixed spacing 
{20 cm,) of the rejlcclor wires 

The polar distribution of energy with 25, ig, 13, 7 and 3 wires of fixed 
Si racing in the i>arabolic reflector was determined. A typical set of readings is 
shown in table 1. The corresponding polar diagram is given in figure 3. 
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Tablk I 

v^paciug : 20 cm. 

Number of wires ; 13. Aperture : 224 cm. - 78A 
Primary aerial current: '21 amp. 
Receiver current wilhuut reflector = S/aA 


( )rientatioii cjf the 
reflector. 

Receiver current 
(micro-amps.). 

Orientation of the 
re (lector. 

Receiver current 
(micro-amps.). 

0“ 

18 

9f>'' 

2 

ts° 

14 

0 

0 

3 

345” 

16 

I2L)’' 

I 

30“ 

10 

2/10 

1 

33<^ 

12 

15 ^>" 

I 

60“ 

4 

210'’ 

I 

300* 

1 

6 

180° 

1 


P'igure 4 is constructed to represent graphically the change in the beam-shape 
with the change in the aperture of the reflector and consequently with the change 
in the number of wires when the spacing is kept constant. The receiver current 
^0 for any particular orientation f of the reflector is divided by the value of the 
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N = 25 APERTURE 1-37A 

N — )9 ** V097A 

N 13 — — - ‘78 A 

N — 7 pf -41 A 

N •* 3 »» -HA 

SPACIN6=20CM.=j|^, LENGTH OF 
WIRE5»^ A“288CM. 

Figure 4 ' 

receiver current J without the reflector. This ratio is then expressed as a percent- 
age of the luaxiinum value 1 0 in the forward direction • 'JTiese percentage values 
are then shown for different orientations of the reflector in the sector 270”, 0° 
and 90°. The data for this comparison diagram prepared from the relevant 
readings of the different i)olar patterns are given in table II. 


Table 11 


Orientation of the reflector. 


Percentage values of : — 

' /lo 



N = 25 

N=i9 

N =13 

1 

N = 7 

II 

0® 

100 

100 

100 

100 

100 

15” 


74 ‘o 

77-8 

857 

94\3 

345“ 

867 

851 

88-9 

92 ‘8 

94'3 

30“ 

43-3 

51-8 

55-6 

57‘2 

6o‘3 

330“ 

6o'6 

667 

66-6 

71*4 

60“ 

i6‘7 

22*2 

22‘2 

42*9 

37-15 

300" 

13-2 

147 

33-3 

28-6 

37-15 

90" 

33 

37 

III 

171 

270“ 

3*3 

7-3 

167 

21‘4 

22‘9 
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The lateral and back radiation for the reflector within 90° and 180® are 
depicted in figure 5. The ordinates are the values of the receiver current in per 
cent, of the maximum forward radiation. In talfle HI are given the data. 



Figure 5 


Tabi.e III 


Orientation of the reflector. 

Ten 

N = 25 

ventage values of : |^/To 

1 

N«*19 I N = I3 

N-7 

N-3 

go** 

3-3 

37 

III 

286 

17-2 

120“ 

3-3 j 

37 

.S'55 

i'r3 

II-4 

150*’ 

1 

3-3 

37 

5’55 

14 ’3 

8-6 

tSo** 

67 ! 

37 

5'5S 

I4‘3 

57 

n EDUCTIONS 

FROM THE POD 

AR PATTKRNvS (Set I) 


Before setting out the deductions from the above experimental study, the 
diflerent symbols and terms used to characterise the directional properties of the 
parasitic reflector should be clearly defined : 

1= length of the reflector-element. 

S= separation of the reflector-elements. 

2tt=?aperture of the parabolic reflector, i.c., the straight-line distance between 
the two outermost elements in the array. 
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N = iium?jer of reflector-elements in the array. 

(/> = oricnlalion of the reflector from the o°-i8o° axis. 

1 = receiver current without reflector. 

= receiver current with reflector for any value of 
Io = forward radiation, i.c., receiver current when <t‘ = u. 

fi—- power jacior of reflector, i.c., the ratio of the receiver 

current witli tellector for f = o to the receiver current without reflector. 

f)= total duL'clivily, i.c., the ratio of the area of a circle with radius lo to 
the area of the entire polar pattern- 

'l-forwarJ-.u-ctor directivity, i.e., the ratio of the area of a semi-circle with 
radius 1„ to the area of tlic polar pattern contained within the sector 
270°, 0“ and go°, 

/f- hack radiation, /.c., the maximum value of the current in the sector 
t)o“, iSo" and 360“ expressed in per cent, of lo. 

= value of the receiver current for 0 = 180'^^ in per cent, of I,,. ^ 

In table IV arc given the values of /*, ii, ^ and fd for the polar patterns of 
Set I. 


Table IV 

S= 20 cm. = 'obgA ; A = 2 88 metres 


No, of wires. 

Aperture. 


d 

A 


iS 

25 

i‘37^ 

3’3 

79 

3 ’9 

6-7 

■ 6-7 

19 

i.io\ 

3** 

71 

3 '6 

3*7 

7’4 

13 

■78A 

• 

2’2 

^‘‘5 

3 ’35 

5*6 

i6’6 

7 

■41^ 

1-8 

A'A 

2*5 . 

M‘3 

23-5 

3 

*14^ 

2 '3 


2 7 

5 7 

22'9 


In figures 6 {a) and 6 (b) are illustrated the variation of p, 8, A and fi with 
the change of aperture of the reflector- 
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Figure o(u) 1mi;ukk h(h) 


The following is a suimiiary of lliesc rt*siills with roiicliision.s and explainG 
loi V notes : 

(i) With a constant sparing (:2o cm.) and a constant length (150 cm. 

^ ^ ) of the wires, the forward radiation or the power-am])lificatioii factor of 

■) 

the reflector was found in general to increase with the increase of aperture. A 
diiiiinntion was, however, observed for 0 41 A apeiture. h'rom considerations of 
j»hase relations it is evident that forward radiatitm may not continuously 
inn case with the increase of aperture and may actually show a diminution foi a 
Lcrtahi increment of aperture. When the aperture is increavsed by the addition 
of an element to each side of the axis of the reflector, the phases oi tlie field due 
to these added elements may be such as to cause 'destructive intei fcrence ' so 
that the forward radiation may be * nullified/ Additional elements will, how- 
ever, compensate for this diminution and forward radiation \vill tlien increase 
witli aperture till an unfavourable aperture-value is attained where the condition 
foi destructive interference will prevail. The forward radiation is eNjjccled 
accordingly to reach a limiting value, when with further addition of wires the 
outermost reflector-elements will not materially contribute either addilivcly or 
suhtractively, since the induced currents in tliese outermost elements will 
necessarily be small. This limiting aperture according to (h'e.sky, Kohler and 
Ahigy is in the region of i‘4A-i‘5A.. It will be seen from figure 6 (u) that 
the forward radiation tends to ap])roach a conslanl value for the larger 
apertures. 
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(2) With 11 k‘ s:ime spacing and the same wivedength, the forward-sector 
directivity increased in general with llie increase of aperture and so also the total 
directivity. (See ^1^4urc 66.) 

It is to be enii>liasised that tlie consideration of the phase-relationship is of 
prime importance. The apertute cannot, tliereforc, be always an index of 
ami>liGcation and directivity. It will be shown later that the amplification 
and the directivity of the reflector are altered by changing the nuniber and the 
spacing of the elements even with the same aperture. 

Under similar reflector conditions tlie backward radiation seemed to be 
rec'iprocally related to the amplification and the directivity, i.e., a large amplifica- 
tion or directivity was found to be associated with a small back radiation, d'his 
is illustrated in figure 7 where the l^ack radiation is idotted against amplification. 
It will, however, bj shown later that this statu is not generally true. 



Kk^ure 7 


(4) Under similar conditions, the general nature of the variation of back 
radiation is a gradual diminution with the increase of a])erture with a tendency to 
ai^proacha steady value (figure 6(r). This should be so, since Lack radiation is 
determined principally by tlie elements in the neighbourhood of the vertex of the 
parabolic array. 


vSet 11. Sludy of polar pal ionis of parabolic reflector haviiif,^ a constanL 
iiunibd of refJectiug wires with difjcrenl spaedngs 

Polar patterns of a 7-wire parabolic array for six different spacings (10 cm., 
20 cm., 30 cm., 40 cm., 50 cm. and 80 cm.) were constructed. 
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Reflectc 


V' 

<r\ (f.J 






y lo ao 30 40 50 6o 70 flo 50 

— > Spacing: ir* cnj^ 

Imgukk 

TlK*i)0\vc‘r-aini)lifKalii-ii iaci(}r /g Hil* luta) clircc livity o, llic forwaid-scclor 
clircctivily A and the l)ack ladiaticai /> aru calt ulated from lliu tx^fi iniciilal 
data. I'hesc arc inccjipoialcd in lal.)lc V. 'I’lic results arc ilhislralcd in 
tig lire 8. 


'I'AnnK V 

7 wires A “2‘8S metres 
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TJ K 1) I’ C T I () K S V K I\I 'I' H I* V O A R P A T T B R N S (S TC T 1 1) 

(tJ u 7-vviiv ix-UlcIcji- of constant vvirc-lciiglh, the power-amplification 

factor was found in general to increase with tlic increase of spacing . It is expected, 
liowevcr, from consideration of phases that the forward radiation may not always 
he an increasing function of spacing. In oiir experiment, the forward radiation for 
S^-- 30 cm. showed a diminution and increased again with the increase of 
spacing. (See figure <S.) 

(.:) Witli the same numher of wires of constant length, the total directivity 
and the forward sector directivity wxre found to increase wdtli the increavSe of 
spacing, cacli attaining a maxinnmi in the region 50 cm. (-17 A) after which 
lliere was a diniiiiutif)n . (ySee figure 8). 

Under similar conditions, the back-radiation at 180"' was found to 
diiiiinish contiiuKiUsly witli the si)aciug tending to approach a constant value. 
(See figure 8.) 

Set III. Study lij fuda) iHittcins oj (he paiul)olic icflrrloi of constaiil 
iilH'ilun :cilli dijjcroil nuiubci.s oJ loifis 

Polai i>alterns oi the ])araholic aiia> with i'o7^ ai)erture (395-5 cm.) having 
wiles of sj^aeing j,o cm , 13 wires of spacing cm., 7 wires of si)aciiig#8o cm. 
and 3 wires or Sjiacing 1^40 cm. were constructed. 

The values of ])owcr-amplificatioii factor, total directivity, forward-sector 
directivity and hack radiation c'alcnlatcd from tlic data are given in table VI. 

TAmac VI 


A 1 )er 1 ur e ^ j ■ 3 7 A A = 2 '88 m etres 


No. of v\'irL7.. 

vSpiiring 8 


h 

A 


»% 


JA ) cm. 

1 

: 3 M 3 

1 

1 

1 

77 

1 

3 - 1)2 

6 ‘06 

6-o6 


41) cm. 

' 3-5 

j f )‘93 

3-56 


7 't 

7 

So ('111. 

: -r^.s 

i 7 ’oS 

3’65 

2 ‘94 

5-SS 

3 1 

1 

240 cm. 

1 3 ’ 3 -’5 

1 

1 12-08 

1 

0-1 

16 

16 


Tliesc results are illiLstrative of the statement previously made, viz., the 
aperture is not alw ays an index of amplification or directivity, for with the same 
aperture wx* vSee an increase or a decrease of forw ard radiation or directivity with 
different nunibers of wires of varying separations. Again, it is not generally 
true that back radiation is small when the directivity is large or vice-versa. It is 
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dear from table VI that with 3 wires of 240 cm. spaciiii^, the back radiation was 
considerable and the directivity was also large. 


T n p: o r y or parabolic a R R a Y ( ) 1 - v a r a s i t 1 C V\^ 1 R J{ s 


An approximate theory of tlie i)arabolic reflector has been worked ont by A. 
IJimd by the application of Hnyghens’ principle according to which the radiation 
can be imagined as l^eiiig due to fictitious radiators which lie in the front face of 
the reflector. The directional characteristic (in a horizontal plane) of a vertical 
antenna with a parabolic reflector is accordingly given l\v 


sin 


0 


A 

sin (p 


a sin (p 


(i) 


F. Ollendorff has also derived a similar foriniila for the fiekl-sticngth in a 
horizontal plane of a paraliolic array of vertical elements. Considering the effect 
of the reflector as equivalent to that of a metallic sheet carrying a current of 
constant amplitude, the expression for the field-strengtli is given by 


I 


<P 



sin -(i7:/A,tr sin <p) 
sin f/j 


(2) 


W'lierc K=:-.Ja_ 

TTt'^Cr 

/ = length of the reflector-element ; 

1 = current density ; 

Gf, = dielectric constant of vacuum ; 
r“ distance from centre of aperture to receiver ; 
c = velocity of light ; 
a = half aperture of reflector ; 

= orientation of reflector from the zero degree line. 

now examine Ollendorff's formula and see how far it agrees with our 
results. 


and 

Wc shall 
experimental 
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I. Forward Radiation 

By differential iiig the numerator and the denominator of (a) separately, \vc 
can obtain the magnitude of the forward radiation from 


2i^a ■ ^ \ 

cos — sin , 


27ra 


COS 0 


1 =K 

0 


cos 0 


On imtting 0 = o, wc get Io = /v.(7, where k = This relation is oiiiv 

. \ 

approximately satisfied within a limited ian{>e of afiertures as is evident froii'^ 
figure q{b) where the results of our expei'iments (Set Tl are compared with tlie 
results expected according to Ollciidorll’s formula. 


II. Foniiard-Scrlor Directivity 

The values of forward-sector directivity A are computed from the polar dia- 
grams constructed according to ( tllcndorff. The theoretical and the experimental 
values in aibitrary iiiiits are shown for comparison in figure p((i). The; similarity 
only lies in the fact that both theoretically and experimentally there is an increase 
of A with aperture. 



o fx Sx lox UA I4 a 

• APfWTuRE 


Figure 9 
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It should be remembered that, for ( dlendorlT’s fonmila to hold, the arrays 
sliould produce elfects similar to those of metallic sheets. According to Hlake and 

I'oimtaiu the spacing must then be . -r ^ . Complete agreement with Iheorv 

30 ,]l) 

is not, therefore, expected since the spacing employed in the exi>criineiits, the 
1 csults of wliich are considered here, is about 


6. S U M M \ R V 

The results of an expcrinienlal study of a parabolic wiie-rcdcctor on a wave- 
lensth of 2'SS metres are given in this paper. I'lie parabolic array had a focal 

k n^ith of about The main results of this study arc enumerated below : — 

4 

(1) With a spacing of ■o6gA ( = 20 cm.) the a constant wire-length of ^ , the 

‘ ‘ ' 

forward radiation and the directivity were, in general, found to increase willi the 
increase of aperture. A diminution was, however, noticed at a certain increment 
uf ai>ertiire. 'rhe range of aperture was from ‘14A to t' 37A and the number of 
wiles was varied from 3 to 25. There was an indication of a limiting value of 
the forward radiation fen the larger apertures. 

(2) Under similar reflector conditions, a large amplification or a large 
directivity seemed to be associated with a small back-radiation and the latter was 
l<»inid in general to diminish with the increase of aperture. 

(3) With a seven-wire parabolic reflector of the same wire-length as before, 

1 he forward radiation was found in general to increase with the increase of 
^I^aciiig. Under similar conditions the total directivity and the forward-sector 
fliieclivity increased with the increase of S])acing, each attaining a maximuin in 
the region S='i7A ("-50 cm.), The back-radiation at iSo"’ was found to 
diminish with the increase of spacing with a tendency to ap[)rc)ach a constant 
wduc. The spacing ranged from ’035A to ■2SA. 

(4) The aperture w^as not always found to be an index of amplification and 
directivity; for, wuth the same aperture, an increase or a decrease oi forward radia- 
tion and directivity was observed with different nuniliers of w ires of varying 
spacing values. 

(5) The statement in ^ 2) is not also generally true, for working with a 
constant aperture, sometimes a large directivity with a lelatively large amount of 
back-radiation was found, depending on the number and the spacing of the wires- 
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'riiu cxperiiiieiiUil results liave been used ilnally to discuss an approximate 
formula dediuvd by ( )lleiidorlT. 

F'JIVSICS DM'AK'I’MUNT, 

Dacca TTm\ ivksftv. 


U K F n R F N C F S 

* TTcrlz, IClcctrical Translated by Jones (igoo). 

2 Marconi, Ptoc. 10 , 2t.s 

DLinniore vSe Kngcls, Pur. Stand. ScL pafu^r, .>^69 (1023). 

^ Zones, QSTy May (19:^5). 

•'» bvii^diind Crawford, Proc. 16 , i_;b, (19C1S). 

(neslsy, ZcH fiir 11 ochfrequrnz, 32 , 144 (193^). 

7 Kohler, 1 lot hfi eqiiniz imd J'.lechoak iistih, 39 , ^>07 (lo^^b 
Henu\ais, J,\)}nic Klcci\ iqui\ 1S4 (ir)3())» 

•’ Nagy, P)oc. 7.R.E., 24 . 233 
JO Yagi, / h’.fc. 16 , 713 
IJ ITdn, l^roc. 18 , J047 (1930). 

12 Meissner cS; Rotlie, Ptoc. / JCF., 17 , 36 (1920). 

” Mum.ui, I’roi . J.R.F.., 16 , 10 'i.)2.S) ; Franklin, I’lrrliicitvi (Loiulon), 6 (nj.vi). 

Clavior, I'.h chiinl Coinwiiiiical ion. n)3J (in.T^), 

I')Han iv llalmc'inann, i’roc . i.K.I’.., 18 , /171 (I'Mo). 

>« WnKf. Iviiuk'r & Fraik-n. Proc. l.R.K., 23 , n (to^.s). 

>7 Kolbter, I'rnr. I.R.IC., 22 , ni.v^ (1034). 

1 " llunri, A., riicnontcnon in Rieqnoncy Sysinns, 53,3 (n) 3 f>). 

19 0^\nM^.V,Du■(:r,nHilagcn .f.-r TJochfn-quenz TrrhniU. 600, quoted in Nagy 
paper. Pior. i.R.R., 24 , 253 (nj3(>). 

99 niake and k'oiuilain, Phys. Rev., 23 (lyoh). 



u 


ON THE ABSORPTION AND EMISSION SPECTRA OF 
RARE EARTH CRYSTALS 

By P. C. MUKHERJl, 

P. R. Student, Calcutta University 

{Received for pnblicailon, May .>6, u)y)) 

Plate XI 

ABSTRACT, lii Uii.s paper (he resuKs of investigation of the emission and absorption 
spectra of the rare earth ions like La+-' \ Ce'^++, etc., in crystals are given. An atteni])( has been 
made to currelat'e llicir absorption and emission spectra with special reference to ions. 

It has been observed that the La ‘ ions in crystals do not fluoresce. The emission 
spectra due to Ce'*"*"^ ions in the chKu ide and tht‘ sulphate crystals consist t»f two discrete 
hands. The positions of the bands are slightly different in the two salts hut they occu])y almost 
the same positions whether the salts investigated ate hydrated or dehydrated. The spectra due 
to Ccp3 consist of three such emission bands; further on excitation with high frccjuency a weak 
liniiiiicscence appears on the long wave -side of the bands. 

The strong and discrete emission bauds have been supposed to be due to the true fluores- 
('cnce of the ions. In cunfoniiity with the c.vplaimtion of the absorption spectra due to 
ions by Bose and the wnitcr, the origin of these emission hands has been asiTilnd to the 
transitions 5/) — ^4F in Cc*'^'*' ions. 'J'hc two bands in the chloride and the sulphate and the 
two lowTr freemency bands in the fluoride aiisc fnan the transitions 5^Pr/ — 7, 

while the third band in CcF^ is due to shown that there is a 

correlation between the frequency of the emission bands and the corresponding absorption 
frequencies. The absence of the third hand in the other two crystals has been discussed. 

U he origin of the weak luinhieseencc is not clearly understood. It has been suggested 
that it is due to an excitation of the ion bv a collision rf tlie se cond kind, with the excited 
Cc^' ^ ions, the process resembling somewhat a case of sensitized fluorescence. 


INTRODUCTION 


In a previous paper the fluorescence spectra of a few rare earth ions, viz., 
Ce''++, Pr+^-"aiulN{r+-^ in .solution were iuve.stigated by the writer. 


6 


Zeit fiir Pbys., log, s 573 (1938). 
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It ^\as (jbscrml tlial iii solution all the ions give rise to a coiniiion clifiFuse band in 
emission, while in Pr’ ^ ‘ ajid Nd* * ' ions there are respectively two and three 
additional dilTiise bands, b'or the emission of the common fluorescence baud by 
the lour rare earth ions in solution, the following mechanism was proposed. The 
emission centres were assumed to l)e the metal complex (Me^'*''^ 11H2O), in which 
tile II ji ) groups are i)o]arised iji the field of the Me' ' ‘ 1011. Kven in the case of 
(I/d' nllij^ >), wliich has no electron in the 4/ shell, the solution shows finite 
continuous absori)tion in the ultra-violet; the absorption of radiation is supposed 
to be by the complex as a whole leading to an excitation of the polarised H2() 
group and re-emitted as fluorescence radiation. This fluorescence is similar in 
mechanism t») that shown by uranyl grou[)S [U( )2] ' ^ . The fluorescence radia- 
tion omitted by the solutions containing Pr"^' and Nd-"'-*- are much 

stronger than that by the La solution. This can be interpreted in the following 
way. In the case of (Ce' ' ' iiH2< )), for exaniple, besides the continuous abscjip- 
tion by tlie complcv: as a wdiole there are discontinuous absor])tioii bands due to 
the al^surptioii by the Ce ' ‘ ions {.\F — >-5/)). The corre5i)oncliiig ion is in a 
metastable excited state, and before it comes back to its ground state by the emis- 
sion oi raclialion, it can transfer its energy by collision with other hydrated ions. 
These latter become excited and emit eneigy I.iy le-eniissioii, with afrcgueiicy 
equal to that given by the lanthanum complex. If reprCvSeiits the frequency 
associated with this transition, the presence of the additional bands \fas ex- 
plained as having Irequejicies (vo±vi) where 14 represents one or other of the 
characteristic frecjuencies of the ion. 

Later on, the riiiorescence spectra of the same ions were investigated using 
crystals having different anions, both in the hydrated and in the anhydrous state. 
It w^as noticed that the wddth of the emission bands w^as much reduced ; further 
the spectra of tiie different crystals having the same cations were found to be 
difl’creiit. But no i)erccptil)le change could be found betw^eeii the emission spectra 
of the same crystal wdien hydrated or in the dehydrated state. 'I'he purpose of 
the prCvSeut paper is to study the correlations between the emission and absorption 
spectra of these ions in cry.stals and to attempt an explanation of tlic origin of the 
emission spectra ill crystals with special reference to Ce ''' ion. But before w^e 
l)roceed to discuss the absorption and emission spectra of 'etc. ions, let us 

give a brief rtksume of the previous knowdedge of the fluorescence spectra of the 
rare earth crystals. 


V R F, V I 0 U S Tv N O W L F D G o F T IT:F F L U O R K S C TC N C K 
vS P F C T R A O F T II n RJA R K BAR T H S 

The true fluorescence of the rare earth ions was first observed by Tornaschek 
and J )eutsclibein ^ in pure hydrated crystals of Sni, Bai, Tb and Dy. The spectra 
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consist of groups of more or less sharp and difl'iisu hues in the visible region, 
which increased in sharpness on lowering the temperature of tlic crystals, l.ater 
oil, dobrechf'^ extended the investigations to the infrawed side and by considering 
llie complete set of emission data was able to obtain some correlation iK'tween the 
emission and the absorption spectra of the respective ions. 

In the rare eartli ions the different combinations of the U and .^vectors of the 
]/ electrons according to the I\ussell-Saunders coupling give rise to a number of 
I /"levels. Of these the term having the smallest inner (piantmii number com 
sisleiit Avith the highest multiplicity and /-moment rei)resents the ground stale for 
the members in the lirst half of the series; for the latter half which have inverted 
terms tlie ground term v\dll have the corresixmding highest 7-valuc. In the 
l)K)cess of absorption the -{/-eleclTOiis are excited from the ground slate to the 
upper states allowed by the selection ])riiicii)le. In the crystals on account of 
the strong crystalline electric lield the qLiadruL)ole radiation is also possible so 
tlial the selection rules will l)e due to bolli tlie dipole and the quadrupole 
radiation. Further in the strong inlioinogeiicons electiic field each of the said 
.^/-levels is perturbed and their degeneracy is partly removed ; so instead of a 
single line a groiq) of lines arises ont of each of those transitions. 

In emission,* on the other hand, the final state will lie generally the giound 
stale or some oilier state in its neighbourhood while the initial stale may be the 
upper ones allowed by the selection rules. It is generally found that the transi- 
tions ending in the ground state give rise to the strong comiionents in the 
emission spectra. (Tolirecht has shown that for the four ions investigated there is 
an agreement between the niimlier of strong emission groups and the multiplicity 
of the ground term. This is shown in table I. lie also showed that the over all 
splitting of the ground term obtained from the emission spectra leads to a correct 
value of the screening constant for the four 10ns investigated. Toniaschek and 
Mehnert recently observed the sharp fluorescence spectra in (hF ^ ' ions using 
liydrated sulphate crystals. It consists of one group of principal emission lines 
in the ultra-violet, which coincides in position with the group of alisorption lines 
of lowest frequency due to the same ion. In Cld ' ' ^ ion having an \S-temi for 
its ground state only one group of emission lines is to be ariticiiiated. It is thus 
clear that the fluorescence spectra observed in these five ions are explicable on 
the usual theory of emission spectra of such ions. But it is not understood, s(j 
fai, why the sharp emission spectra are observed only in these five rare eartli ions» 
while the absorption spectra of a similar nature are known to be present in all the 
members of the series excepting only and Yb^ ^ F 


* The iiiechanisni of eniis.sion will be discussed more fully later otj in the papet. 
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Tabi.k I 

(Muoresceiice spectra due to different rare eartli ions in 
liydrated crystals) 


1 

Ion. 1 

Ooiind 

ICmission 

Average 

A vei age 

i'inal 


State 

Kl-oUt). 

intensity 

position. 

level. 


c// 

1 

3 

y. 7 .S 5 ‘-■HI-’' 

'I'', 

is 



2 

5 

10,773 .» 

»Fn 



3 

7 

11,293 

IS 



4 

7 

1 2, •'^'14 .. 

6H., 

3 



C 

7 

14,189 „ 

"I/m 

3 



6 

6 

I 5 > 57'1 „ 

ft 



7 

6 

16,710 „ 

‘H, 

3 



8 

4 

17,800 „ 

‘I/r. 

2 


ip 

1 

0 

12,215 cni.'^ 




2 


13,330 „ 

'Ft 



3 

3 

J 4 .. 14 r> .. 




4 

5 

IS.325 .. 

7^3 



5 

0 

16,2-^10 ,* 

n<\ 



b 

8 

16,877 ,. 

7 Fj 



7 

3 

17,108 „ 

7 Fo 




3 

17,968 „ 




Hq 

3 

18,71 T „ 




*10 

3 

19.049 » 


Tb+++ 

ip 

I 

8 

14,734 cm.-’ 




2 

7 

,4.938 




3 

3 

15.399 .. 




A 

6 

,6.145 .. 

'F3 



5 

6 

17,076 „ 

'F4 



6 

9 

, 8,334 .. 

'Fs 



7 

5 

20,483 „ 

'Ft 


m 

1 

5 

10,269 cm."* - 




2 

6 

, 1.732 >. 

Ts 



3 

5 

13.129 .. 

ft 




4 

, 5 ., 13 .. 

6jf 



5 

4 

17.395 .. 

ft 



6 

3 

20,699 „ 

Bzi 

■“ l R 
"ft' 


»■) 


These groups are due to transitions from a level above the first excited stale. 


MUKHERJI 


PLATE XI 



Absorption spectra ot CcFs 

(a) Using a very thin layer. 
(It) Using a thicker layer. 


Figure 2. 



Microphotometric records of fluorescence spectra. 

(a) CeCl;) soln.— one band with its centre at 28,220cm-' 

(b) CeCl”, crystals — two bands at 26,838 ; 29,631 cm 

(c) Cca ( SO., ) a crystals two bands at 29,6.5.5 ; 32,400cm- ' 
((J) CeF'j crystals - three bands at 29,655 ; 32,450 ; 36,095cm 
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l<'IvUORRSCENCR vSERCTRA OF TTIR RARR R A R T II 1 O N vS 

1 N V R S T I G A T R 1> 

The fluorescence spectra of the first four ions of the rare earth scries, viz., 
Ce^ Pr*^^'" and Nd"^^* were investigated using hydrated and dehydrated 
crystals. The fluorescence was observed using iiionoehroinatic exciting 

radiations A detailed account of the method of exiieriinental investigation is 

given in a previous paper by the writer. It was found that Ta*"^'^ ions in 
crystals do not fluoresce. In Ce*^^^ ions, on the other hand, interesting results 
were obtained; both the position and the number of the bands were found to 

vary with the different anions used. The results are given in table II. 'I'he 

investigations with Pr'^'' and Nd ' ^ ^ ion are now being repeated with extra 
jmre samples but no evidence of any fluorescence has been obtained in the near 
ultra-violet.* 


'I'auue II 

Fluorescence bauds of Ce^^ ^ ions in different hydrated and anhydrous crystals 


exciting rncliation A.U. 

I'luorescoiic radiation A.U. 

Chloride (anhydrous). 

Sulphate (hydrated 
and anhydrous). 

Fluoride. 

la) 

3900—3200 

j.3440-3305 

2.3205-2990 

i‘ 34 - 1 o-‘ 33 f >5 

2.3206 — 2970 

( h ) -? 55 u 

M 

1.3^40 - 33<^5 

2.3205-2990 

i- 344 ‘>- 33 aS 

2,3205-2970 

3.2800—2740 

4085-34,10 

( c ) 2300 

f 

2.3205 -2y<jo 

1-3440-3305 

2.3200 — 2970 

3.2800-2740 

4085-3440 

(d) 2100 

1 

i' 3440 - 33 oS 

1-3440-3305 



2.3205—2990 

2.3200 — 2970 




3.2800 — 2740 


• The investigation is now being carried on with Fluorite Spectrogrnph and Ilford’ 
•J-plates. 
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in solution fluoresce but not when they form part of a crystal. 
I he continuous absorption and the fluorescence emission in the solution is by 
llic metallic comiflex La''' 71H2O. In the crystal, on the other hand, the 
absorption of radiation is by the lattice as a whole, and this is dissipated in the 
form of lattice oscillation. In order to understand the origin of the emission 
s])eclra due lo Ce* ' ’ ions in the different crystals it seemed necessary to investi- 
gate the absorption s])ectra of the respective crystals. 


ON r 11 1C A Ti S O R r T T O N vS P p: C T R a DU 1C T O C IONS 

The absorption spectra due to Cc‘ ' ' ions were observed by Bose and Datta ’ 
in solution and by hh'ced^ using hydrated mixed crystals of Ce and La. It was 
found that the spectra consist of broad bands, which do not undergo any 
cliange with the lowering of temperature of the cry.stals. But the positions 
of the hands are altered slightly by changing the anions. These arc shown in 
table III. 


Table III 

(Al)sorption spectra of Ce'* ^ ions in solution and in crystals) 


Bands. 

1 

Position of the hands in A.U, 

CcClj .sclii. 

(1) 

CejiSO^ij solii. 

(2) 

Iv.'i(Ce)Clc, 6H2O. 

' 3 ) 

1 

' 2971' 

2q6o 

3020 

IT 


2540 

277.S 

Til 

GO 

2.^00 

24.55 

IV 

1 

2225 

2230 

2300 


(i) By Bose and Datta. ^ 

(3) By Roberts and Wallaee,® 
(3) Breed .7 


In course of the present^ work, the absorption spectra of CeF;, crystals were 
investigated. As single crystals of CeF;, conld not be obtained, tbe investigation 
was carried on by the reflection method using extremely thin layer of the salt. 
In order to obtain a uniformly thin deposit, a small quantity of the salt was 
finely powdered and then shaken with distilled water in a beaker. After allowing 
some time for the heavier particles to settle down, a clean quartz plate was 
carefully introduced and kept suspended horizontally inside the water. After a 


'Absorption and Emission Spectra of Rare Earth Crystals 'W 

long time when the fine particles settled down, the clear water was siphoned 
out and the quartz disc was dried up. In this way uniform deposits of varying 
thickness were prepared. The absorption si>ectra, obtained by using a hydrogen 
discharge tube, is shown in plate XI. It was found that using even the 
thine-st deposit the absorption was of a continuous nature and so no definite 
conclusion could be reached. But it was noticed that on diminishing the 
thickness of the deposit the long wavelength limit of the continuous absorption 
shifts from about 3 iooA° to 2600 A It indicates the existence of a very weak 
band in the neighbourhood of 3000A''. 

In a recent paper by Bose and the writer ** on the origin colour of 
])aramagnetic ions in solution, the absorption spectra of Ce^^^ ions in solution 
were explained to be due to the transition InCe^*^^ 

ions 4F is the ground state and is the first virtual .state whose average ]K)sition 
in the case of vapour was taken to be at 50,9820111.“^ as given by Bang.'’ In 
-solution the ground term 4 F being screened hy the (5^, p) octet shell remains 
unaffected, but the virtual (5^) states are strongly perturbed by the influence of 
the neighbouring molecules. 
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The scheme of energy levels proposed to explain the absorption .spectra is 
shown in figure 1 . The 5D level is pictured as split up into three sub-levels, 
d'he relative positions of the sub-levels were calculated from the formula given 
below, 

Av=N0.A(’i, . K', 

where Ne = ionic charge, 

Aci, = change in the electric quantum number, 

K'=a constant for all ions having a particular state. 

Ne = 3, =0,1 and 2 and K' = 295ocin.“’ 


putting 
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the average value of the constant for all ions having a P-state. In the process of 
aI)Sori)tiou the 4F electron may occirpy one or other of the three 5D levels and 
so three diffuse bauds are expected as shown by the arrows. The agreement 
between the observed and the calculated positions is shown in table IV. 
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In table III it is found that the absorption spectra due to Ce*"^* ions 111 
hydrated crystals are, more or less, similar to that found in solution. It may be 
supposed, therefore, that the splitting u]) of the 5D state in these Jiydrated 
crystals will Oe somewhat similar to that taking place in solution. 80 that a 
similar energy level diagram as shown in figuie i will account for the absorption 
spectra of such crystals, only the value of the constant K' will be slightly modified 
by the different ions present. 

ON Tlllv T'lMlSvSlON .SPECTRA. D tl IJ TO C]{++*^ IONS IN 

C R Y S T A L S 

The results of iiive.stigation on the fluorescence si)ectra of Ce^ ^ * ions in 
crystal are given in table III. It was found that in CeCla crystals the emission 
band occupies the same positioji as in the corresponding aqueous solution. Hut 
from an examination of the microphotomctric record of the spectrum it appeared 
to consist of two diffuse bands overlapinng each other. In the .sulphate crystals 
the two bands arc more distinct and they occupy the same position whether 
obtained from the hydrated or the dehydrated crystals ; but the position of the 
bands in either case is displaced slightly to the high frequency side as compared 
with that of CealSD^Is solution. The total width of the two bands is same in 
either of the above ca.ses and is nearly equal to that of the common fluorescence 
band observed in solution. In CeF^ crystals three emission bands were noticed, 
of which the first two coincide in position with those due to the sulphate crystals. 
The third baud on the higher frequency side appeared when the exciting frequency 
was high and along with this band a weak and diffuse luminescence appeared on 
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the longer wavelength side of the principal emission bands. The niicrophotometric 
records of the emission spectra are shown in plate XI. The centres of gravity of 
the bands obtained in the different crystals using the highest frequency used, v/r., 
iS X lo'* cm.“' nearly are given in table V. 

Taiu.k V 

Centres of gravity of the Fluorescence bands due tc Ce ‘ ions in crystals 
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'Phe origin of these emission spectra will now be discussed in tlie light of 
the prCvSeiit theories of hiniinescenee of solids. In the case of crystals like 
those investigated here, there are the following alternative po.ssibililics, wlicii light 
of suitable frecpicncy is incident on them, 

(1) The ultra-violet light may be absorbed by the Cc^ ^ ' ions; GO this 

may result in emission by the excited ions of the crystals. This gives 

rise to the true fluorescence ; (h) there may be emission by transference of 
energy to the anion or a molecule attached to the ' ion by a collision of the 
second kind- This will be somewhat analogous to ' sensiti/:ed fluorescence.’ 

(2) Above a certain frequency the anion may begin to compete with the 
cation in absorption of radiation. At this stage no further emission levels of 
thu cation may be excited by increasing the frequency of the exciting radiations 

ORIGIN OF T H F F b U ( » R F vS C F N C F RAN D S 

In the different crystals containing Ce ^ '‘^ion the stronger emission bands 
observed are evidently due to the true lluore.scence of the cation. Their origin 
is. therefore, due to the possibility 1 (a), where Cc'^^^ious act as the absorbing 
and the emitting centres. In order to specify the different transitions in Ce ^ ^ 
^ons, which may give rise to the respective emission bands, we shall discuss in 
brief the mechanism of flaoresccnce of solids as it is pictured novV-a-days. 
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In the interior of a solid, an electron shares the vibration energy of the 
lattice and so the energy levels instead of being very sharp and discrete are spread 
over a band of energy. The spreading up of the energy states is also brought 
about by the resonance effect between the neighbouring cations, as they are 
much more closer to each other inside a solid than when in the vapour state. 
At the ordinary temperature the broadening in some cases increases to such an 
extent that there is overlapping of the two successive energy states. In such a case 
the Condon curves for the successive states will either touch or intersect each other. 
It was pointed out by Mott and Gurney that this is an essential condition for 
the origin of i)hosphorescence or ffuoresccnce in solids. In figure 2, let ‘ a 
represent the Pot. E-curve for the ground state, while ‘ b ’ and ' b' ’ represent the'^ 
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a -(Ground states 
ht b ' — Successive exc ited slates. 


same for the two successive excited states. If A be the position of the absorbing 
centre when it absorbs, then, according to the Franck-Condon’s principle, it can go 
to either B or B' by absorbing quanta Ab or Ab' respectively ; for there cannot 
be any change in the relative positions of the atomic nuclei during the absorption 
of a quantum of radiation. If it goes to B, then, by process oflthermal collisions 
it will part with vibrational energy and come down to the configuration of lowest 
Pot. E as at C. From C an electronic transition to the ground state is possible by 
emitting the quantum of radiation represented by CD. This is the simplest case 
of fluorescence. When it is raised to B' it will come down in an exactly similar 
manner and reach the point P, where the two successive excited states are 
supposed to intersect. Thereafter it will either continue its motion along 
b' and reach C', the point of minimum Pot, E in b' or it may slip down into b 
through the point of intersection and reach the point C. In the latter case, there 
will be fluorescence emitting CD as before. In the former, there will be floures- 
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cence if C' is not beyond the curve ‘ a but, if the point C' lies outside the lower 
curve, no immediate transition is possible and so it will give rise to 
j ihosphorescence. 

In order to understand the emission spectra due to the Ce^"^* ions in crystals, 
wc shall sui)pose that the energy bands due to the three sub-levels of 
, which give rise to the three Strong absorption bauds, overlap each other 

mutually as sliown in iigurc 3. Now there is the possibility (a) that the energy 
l);ind due to the lowest of these sub-levels may overlap that due to the state 
or (M there may be a zone of separation between them. 

'iMie overlapping between the energy bands due to the successive excited 
states is, however, virtual, i.e.y it is not to be postulated tmtil the 4/-electron is 
excited to one of these states. So the frequencies of the selective absorption 
hands due to remain unaffected. If the incident radiation corresponds to 

any one of the absorption bands due to Ce*^ ' ^ ion, the ^/-electron will be excited 
to one or other of the upper state.s. But the excited electron will part with its 
energy in thermal Cf^llisions and gradually come down as has been pictured above. 
In case (a) the filial level reached by the excited electron in this way will be 

the , and then there will be the transition of the electron to the ground 

§ 

Icrni. In Ce'" 'ion, the ground term is a doublet given by ^^2 • As transi- 

tions to cither of them is possible from 5 D5 , two emission bands are to be 
expected in this case. 
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Figure 3 


In case (b), on the other hand, transition is possible from either of the 
two stales 5V ^ and 5D5 to the ground term. This suggests that altogether there 


will be four emission bands here. But as the transition 5/)s" 

s 


4F 7 involves a 
2 


hangc of two units in ‘ j this is much less probable. So that only three strong 
‘'mission bauds are to be anticipated. 
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The emission spectra observed in the different crystals will be qualitatively 
explained if it is SLi]jposed that in the chloride and sul^jhate crystals the eiiegy- 
pattern is as in (a) while in CeF;j it is as in (6)- It has to be shown now if there 
is any (jnantitative agreement between the positions of the emission bands 
obseived and tliose expected froni their absorption spectra. For this purpose 
the energy level diagrams for Cc' ‘ ' ions as revealed by a study of the emission 
spectra of tjjc dillereut salts arc given in figures 4, 5 and 6. 
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It is to be noted that in all the three figures the interval between the compo- 
nents of the ground term 4*F of is nearly the same, viz., 2,800 cm.“^ Also 

it is in fair agreement with the calculated value Av — 2,500 cm.“^ taking the usual 
value of the screening constant, viz,, <^“34. As regards the position of the 
virtual states, it is found from figures 5 and 6 that in the sulphate and fluoride the 
state 50^/2 ^>ccupies almost the same position as is found in the case of absorption 

shown in figure i. In chloride, the above energy level is slightly depressed. The 
position of the state 5 /F which is effective only in fluoride, could not be so 

correlated as the corresponding absorption spectra did not reveal any 
structure. 

( ) R 1 c; I N 0 V H n W K A K Iv U :M 1 N B S C B N C B 

The origin of the weak luminescence (observed in CeFs) on the lower 
frequency side of the princii)al bands is not clearly understood. It appeared 
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when the exciting frequency u as above x lo'^ cm.“' and gradually gained in 
intensity with the increase of the frequency of excitation. As in the sulphate 
and chloride crystals no such emission was observed even when excited with the 
high frequencies, it seems that Cc"^ " ' ions alone arc not revSi)onsible for its produc- 
tion, That is, the origin of this luminescence is not due to the process i(n). Let 
us see if it may be due to the process i mentioned above. In that case one 
has to postulate that the ultra-violet radiation is first absorbed by Ce' ‘ ions and, 
w hen in the inetastablc state, they transfer their energy to the anions by collisions 
of the second kind, and the latter give rise to the luminescence. The process 
i.s then somewhat analogous to ‘ sensitized fluorescence ’ and it requires that the 
anion must possess excited states below the metaslable state in question of the 
cahon. But it is known that in Lip or in CaFj the ultra-violet radiation u]) to 
a iiiuch higher frequency is transmitted undiniinished. Since, however, the limit 
of absorption in Cahh^ (i.iooA^'), is to the longer wave-length side of (lo^oA^) tliat 
in LiF, it may be (still more shifted to the longer wave-length side) in CcFs, 
where the polarisation of F“ will be still greater on account of the trijily charged 
cations ; further, on account of the presence of defect places in the lattice, 
a1)Sorplion may ensue at a still lower frequency. 

( )n this hypothesis, however, one has to explain why such luminescence is 
absent in the chloride or the snlphatc. Tt is well known that for either of the 
anions Cl“ and S ()4 , the contiiiuoiis absor])tion begins at a lower wave-length 

than in F“. And, on account of the continuous absorption by the anions ensuing 
at much lower frequency, the requisite energy for sensitized fluorescence is not 
available to the cation. Further, the frequency of the transitions possible in lhc.se 
anions, in case of excitation, may not be within the spectral region investigated 
and thus may have e.scaped observation. 

In conclusion the w l iter desires to express his grateful thanks to Prof. 
1). ]\I. Bose, Ph.l)., for his kind interest and helpful suggestions, and to Ihof- 
M. N. vSaha, D.Sc-, F.R.yS., for his kind encouragemcnl during the progress of 
I he work. 
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MEASUREMENTS BY MEANS OF THE ELECTRO- 
METER TRIODE 

By J. a. N. THAES 

(Rvci'ivcd fo) piiblicaiiou, M,\y jd, 

ABSTKACT- Different purposes, for whidi Philips KIcetrometer Triotlc, Ivpe 4060, e.-in be 
used, liiivc been described witli special references to the uieasuremenl of voltage. It is pointed 
out tliat when the voltage source has a high resistance, this particular tube can be used, in a 
circuit identical in principle with an ordinaiy valve voltnietei, in order to measure the voltage. 

lu engineering and in scientific research work where during the measure- 
ment it is often necessary to measure voltages, no current— or only a negligible 
amount of current— is drawn from the source. 'I'his necessity arises, for instance, 
111 cases where tlie voltage source lias a very high internal resistance or where 
any curreiil taken by the measuring instrument would cause the voltage source 
to vary. For such measurements it is possible to use electrostatic voltmeters 
or electrometers (the electroscope, the ejuadrant electrometer, the string i lectro- 
nietcr, etc.). These instruments, however, are very expensive and call for the 
most elaborate precautions if they are to give relialile results. Furthermore, 
they do not lend themselves to embadiinent in a conijract, tran.sportable mea- 
suring device. 



These disadvantages can be avoided by making use of an electronic valve. 
The electrometer triode is particularly suitable as a valve for the eleciroineter. 
A device incorporating a valve of this type is in the first place a more simple, 
robust and convenient arrangement. In addition it has a much smaller inertia 
and enables the voltage in question to lie amplified to a practically unlimited 
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extent. A circuit embodying an electrometer valve (figure t) is, in principle, 
identical with a valve voltmeter as used for the measurement of alternating 
voltages at radio frequencies. The voltage to be measured is applied to the grid 
of an electrometer valve. At the same time, a measuring instrument responding 
to current variations is connected in the anode circuit. Whilst an ordinary 
“ valve voltmeter is not usually subject to any special requirements in regard do 
its input resistance, a measuring device for the purpose mentioned above does 
have to fulfil certain conditions in this rCvSpect. In the case of a standard type 
electrometer, the input resistance — or the current taken by the instrument — is 
purely a (piestion of the insulation of the various parts. In a measuring device 
embodying an electrometer valve, the amount of current taken is determined 
by the grid current of this valve, which consisls of a very small ionic currcnt\ 
and a leakage current across the insulation of the grid The grid current in an 
ordinary radio valve is of the order of 2 x 30“'^ i-uni>., which is usually 3 iiurh too 
high for the present purpose. It is, therefore, necessary to use a special type of 
valve which is so constructed that the grid current is reduced to a minimum. 
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Figure 2 shows the Philips Electrometer Triode, type 4060. The control elec- 
trode (the grid of an ordinary triode) is in this case constructed as a plate, like 
the anode. The filament is positioned between this control electrode and the 
anode. The control electrode is insulated by tv\o glass ‘'rods,’ each about 4 
inches in length. With this construction the leakage path is very long. The 
ionic current is kept very small by taking steps to ensure a good vacuum and by 
n.siug a very low anode voltage, vb., about 4 volts. As a result of 
the.se precautions, the total grid current corresponding to point A in the 
characteristic of this valve (figure 3) is only about 2 x amp. (mean value). 

As already mentioned, electrometers are used chiefly in the following 
.sjiccial cases; (i) if the use of an ordinary measuring instrument (c.g., a 
galvanometer) would cause the voltage source to vary on account of the load; 
(2) if the voltage sovirce has a very high internal resistance, and (3) if very small 
(inaiitities of electricity have to be mea.sured. 
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PheURE 3 

Anode current and grid current as a function of the grid voltage of the 
electrometer triode, type 4060, at an anode voltage of 4 volte 
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lixaniplcs of case (i). arc afforded by certain electrochemical measurements, 
for instance, pH measurements. The pH value of a solution is a measure of the 
concentration of hydro^^en ions and hence an indication of the acidic or basic 
activity of tlie solution. 'I'liis measurement is frequently carried out in chemical 
laboratories and works, in the laboratories of institutions for testing foodstuffs 
and agricultural products, in medical research work and in dairies. The pH 
value is found l)y measuring the rise of voltage which takes place between a 
hydrogen electrode immersed in the solution and another electrode. The 
hydrogen electrode is now frequently replaced by a glass electrode which offers 
many la actical advantages but has a very high resistance. No current may lie 
drawn from the electrode during the voltage rise, as this would cause polarisa- 
tion of the solution and give an incorrect voltage reading- T(^ make the inea- 
surcnient i)ossiblc, a controllable voltage is connected in opposition and adjusted 
to such a value that a galvanometer in the circuit gives a zero indication. This 
counter-voltage is then measured with a voltmeter or by comparison with a 
standard cell. If there is a slight error in the adjustment of the conn ter- voltage, 
the cuireiit which Hows will be dclennined by the difference between the vol- 
tage to be measured and the reference voltage and also by the resistance of the 
circuit. is current will cause a deflection of the galvanometer and polarisa- 
tion will occur. In order to show the voltage difference while drawing practi- 
cally no current from the source, an electrometer should be used. In the ease 
of a glass electrode the resistance of the circuit is very high (several megohms), 
which alone justifies the use of an electrometer. 



Fkiurk 4 

Circuit for nieaMireincnt of minute quantity of electricity 

All example of voltage measurement of a source having a very high internal 
resistance, is the measurement of very faint light intensities, for instancei when 
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taking photometric records of stars or of spectial lines. For this purpose a 
photo-electric cell is usually employed. The curieut delivered by this cell is 
proportional to the light intensity and in this case it is extremely small. In 
order to measure these very minute currents, a very high coupling resistance 
must be used. In such cases it is usual to work with liquid resistances of the 
order of io‘^ to lo'^ ohms. Currents of, say lo to icr^^iunp, which aie 
too small for measurement with a galvanometer, yield a voltage of about o'l 
volt on resistances of these magnitudes. The prol^lem is how to measure this 
voltage without a shunt being formed by the measuring instrument across the 
coupling resistance. 'I'he electrometer answers this piiri)Ose ideally. A mea- 
sLiiing device cnibcdying tlie al)ove-menlioned Klcctrometer Triode, type |o0o, 
passes a current of less than 10“^*^ amp., so that^ currejits down to 10“’ amp, 
can be measured with relatively high accuracy. 

'riie third example : Measurement of very small quantities of electricity is 
met with in researches ou radio-activity, providing in this case a means of 
counting the o, /3 and 7 radiations. The charge measured indicates the intensity 
of the radiation. For these incasurenients the rays are trapped in an ionisa- 
tion chambei, where they liberate gas ions. These gas ions are collected on 
an electrode in the ionivSation chamber, and the increase of the electric 
charge of this electrode per unit of time is a measure of the radiatiim. 
The mean current produced by the ion-borne charge is extremely small, being 
<.)f tile order of 10"^- , amp. and again it is necessary to measure the voltage, 
u itliout drawing currenl from the pick-iq) electrode. The usual procedure is 
to combine the electrode with a calibrated condenser which is veiy wc'll insulated 
and to measure the voltage across tlie condenser after a certain time. Fiom 
this voltage the value of the charge can be directly deduced. At the normal 
point of operation the grid cunent of the Jilectrometer Tricxlc, type 10(^0, is a few 
times amp., which is very small compared with the electric charge of the 

condenser per unit of time. With most iiieasurements the increase of voltage 
across the condenser is very slow, so that it is possible, by controlling an auxi- 
liary voltage applied to the grid, to maintain the total grid voltage at such 
ii value that the grid current is always nil (point B in figure 3). Ihis 

niethod is described by Clay in Physica 4-1Q37, page 124 and page 
Tile principle is indicated in figure 4. First the grid voltage is set at such a value 
that the grid current is nil. Under the action of the radiation lo be measiued, 
the chamber I becomes ionised and the liberated negative chaiges aie attracted 
by the electrode. Condenser C is charged and the grid of the clcctrometei 
triode gradually becomes more negative. At the same time, however, the iioten- 
tionieter R is controlled in such a manner that the galvanometer G in the anode 
circuit is maintained as nearly as possible at its initial deflection. At a moineni 
when the anode current is absolutely identical with its initial value, the time 
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Ifips& is accni'titcJy iiicasurctl cind fliso tfjc volt^s^c on tbc poteutioinctcr. J( 
then known that in this period of time the voltage on the condenser C ha , 
increased by exactly the same amount by which the voJtag’e on the potentio- 
meter was adjusted iu order to kec]) the anode current constant. The amoiml 
of lliis adjustment can I)e read directly on a voltmeter connected across R. 

Uy the application of this principle it is also possible to measure very small 
photo-electric currents. 


1’Hiui‘S lyAMP Works, 

KlNOHciVliN, llOLLANl), 
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AN IMPROVED FORM OF VACUUM ARC MERCURY 
STILL FOR LABORATORIES 

By M. V. SIVARAMAKRISHNAN 


(Received fo) t^ibJication, Aui^usl 75, /cjj.S') 


ABSTRACT. An apparatus for ,ntT(nn;v i\s fetTibcf^ Current ilo\\\s I h rolled 1 a 

slioit iiiereurv arc and by ibc Jieat Ihu.'-' generated llie mercury is heale d and vapeu ised and is 
iinalb’ Condensed in a water-cooled condenser connecteil lo tlie middle of the arc. 


Mercury, so largely used in laboralorics gets coiitainiiiated easily by con- 
tact with foreign material and its cleaning is done in many ways Imt none so 
satisfactory as by distilling it in vacuo. To distil the merciiry in vacuo, there 
are many forms of apiiaratus on the market but a convenient and simple form of 
it is the one constructed by WaraiC in This has been found to have an 
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average yield of of distilled mercury per hour taking 5 amperes at 60 volts. 
The apparatus herein described is an improved form of the same. Any 
person with some skill in glass-blowing can easily make one and it is worth while 
making it in view of its prohibitive cost if we were to get it from outside and the 
risk involved in its transport from one place to another. 

A C B is an inverted U-tube with a T-piece in the middle. The limbs A, B 
have vertically downward tubes K, L, about 72 cms. in length, and their lawyer 
ends are connected to merctiiy reservoirs by good pressure tubings. They are 
provided with air- traps /, /. The T-piece at C is connected to the water-cooled 
condenser F, formed out of a thin-w^alled tube about 1" in bore and aI)out 8" in 
length. From the other end of two tubes branch off. The vertically dowm- 
vvard branch M is a small tube of not more than 2 mm. bore and over 100 cms. 
in length, bent round at the lower end as shown in figure 1. The upward branch 
has a l)ulb and IS attached to the horizontal tube H, having a bulb at one 

end, the other end being connected to the I3umi3. The whole of the apparatus is 
mounted on a Ijackboard of wood. This mercury arc still operates as follows : — 

The system is rai)idly exhausted by a Cenco-H3^vac rotary oil pumi) instead 
of the S])renga] pump action used in the old form of apparatus. Mercury rises 
up ill the two vertical tubes K, h to the barometric height and tlie height of the 
reservoirs is adjusted so that mercury occu])ies a few cms. above the side T 
joints of the U picce. To start witli, nozzle N of the small tube is closed and in 
a few minutes a vacuum of the order of ’01 mm. of mercury is reached inside the 
ai)i)aratiis. I'he 1^2^ P is essential to remove the water vapour liberated a.s 
the mercury and the glass walls get lieatcd up under the arc. Two stout coi)pei 
rods \y\ih wire connectors at one end dip in the mercury of the reservoirs and 
form the leads for the current supplied by a 6u-volts mains, with suitable 
rheostat in the circuit. 

'Phe switch being on, the reservoir, say S, is raised until the mercury rising in 
A flow s in B. The mercury reservoir is now restored back to its shelf and as the 
contact with the mercury in B is broken at C, an arc plays between the two 
pools of mercury in A and B and the mercury is raiiidly vaporized. The vapour 
evaporating from both the limbs goes down into F, where by air-cooling and 
w ater-cooling it condenses and trickles dowm into M. When the mercury from 
the condenser reaches the barometric height in M the end is broken and mercury 
is allowed to distil over smoothly. 

The last stage in the process is sealing the arc distiller in the running 
condition. When the pressure inside the system is about 'ooi mm. or above, a 
condition necessary for the long life of the arc, the distiller may be sealed ofi 
at the thick narrow constriction of the horizontal tube with the help of a hand 
blow^-pipc. When once the arc distiller has been set up in this way, all that one 
has to do is to pour in dirty mercury at one of the reservoirs, .start the arc, and 
get it distilled as outlined above. 
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The ])rcscnt form is superior to the old form in several respects. The yield is 
practically doubled since the vapour from both the limbs is condensed in this form 
of the apparatus. We have dispensed with all electrode sealing which is fre- 
quently a source of damage to the apparatus when it cracks. Water-cooling 
adopted here is more efficient than the air-cooling adoi)ted in the previous form, 
and thus enables a much higher arc current being employed without damaging 
the still. Thus the output from the still can be considerably increased with 
lierfect safety. The following table gives the yield of mercury in pounds 
per hour approximately : — 


Trial. 

Time. 

1 

1 

Current. ] 
(amp.s.) ! 

1 

Voll.s 

Wt. of JJg. 
distil. ]jer 
hr. ill gms 

Wt. of llg 
distil piT 

In. in Ihs. 
(approx.) 

Amount of 
llg. per watit- 
lir (ajiiirox,) 

j 

1 lir. 

2’6 

ho 

.L17 

} 

I'h gm. 

•i 

( ) 

3 

1) 

1 3^*24 


1 


1 1 

3 5 

t) 



1 ''' 

'1 

s\ « 


1 1 


I 

rs 

.S 

1 1 

A'S 

M 

520 

Ip 

^ 9 

i) 

1 ) 

5 

f> 

575 

ill 

1 0 


Thus the average yield comes out to be li lbs. i)er hour, taking 5 ami)eres 
at bo volts or approximately 2 gms. of mercury per watt-hour, an output 
practically double that in the old form. 

Incidentally, it may be mentioned that in a Physics Laboratory, such arc- 
distillcrs, when set uj) suitably, serve as bright sources of illumination for routine 
optical experiments in addition to serving the main purpose for which they are 
intended. 


Physics Department, 
PRKSiniiNCY COUEOE. 


k K F E R li N C E 


I P/i//. Mog., Vol. 2, 1926. 
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Plate XII 

ABSTRACT. Results of the study of the Raman spectrum of ^)-dipheDyl-beir/,ene have 
been recorded for the first time in this paper. By employing suitable filters with the purest 
substance in th-- molten state and taking other precautions very clean spectra were obtained 
though the continuous background due to fluorcsccjice still persisted. The substance has 
yielded thirty-three new lines, not recorded before, at frequencies 5196(0), 3050(6;, i6o8(8)^ 
^577(1), 1-503^5), izj7i(J), i.i3o(^), 1288(10), 1247^4^1 1180(2), 1158(6), 1059(2), 1032(7), 
•^^05(8), 993(8), 874fp, 839(4!, 77, ^(5), 744(2), 708(5), 615(5 broad), 658(3), 521(2), 50T ?(i), 406(6), 
359^5^ 3>9'3), 253(1), 238(6 broad), 144(6 broad), 112(5 broad), and 73(5 broad) cm.'^ 

vSeven anti-Stokes lines corresponding to frequencies 093, 708, 615, 406, 359, 238 and 
14.1cm."! have been observed. The results have been discussed with reference to tlic Raman 
spectra of benzene and diphenyl. 


INTRODUCTION 

Little or no work so far appears to have been clone on the Raman effect of 
compounds with three benzene rings. In this investigation the Raman effect of 
^^-dipheiiyl-beiizene has been studied by us for the first time, and in a preliminary 
report ^ to * Nature * the Raman lines yielded by this substance have been 
submitted. We have also reported in a jircvious communication ^ a large number 
of Raman lines due to diphenyl. Diphenyl is solid at the ordinary temperature 
and it consists of two benzene nuclei joined end on by C-C bond in the para 
direction. o-Diphenyl-benzene is also solid at the ordinary temperature but it 
consists of three benzene nuclei instead of two ; two of these being joined to 
the third in the ortho direction. It is, therefore, interesting to obtain and compare 
the Raman spectra of this compound with those of diphenyl. With mercury arc 

9 
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radiation this suhstancc is found to be even more powerfully fluorescent than 
di])lien>l and the continuous fluorescent background thus formed almost com- 
pletely masked all traces of Raman lines on the plate. lUil using the substance in 
the molten state [unified f)reviously l)y repeated crystallisation from pure benzene 
and by employing A^35S as the exciting line filtered through a concenh'alcd 
solution of sodium nitrite, the continuous background has been considerably cut 
down and a large number of Raman lines have been obtained including seven 
anti-Stokes lines not recorded before. The results are given and discussed in the 
[nesent [iaper. The Raman lines excited by A435<S and also by A4347 and 
A4330 of meicLiry arc are given in the tables in this paper and the complete 
spectrum has been measured for the correct assignment of the lines recorded 
here. 

p: X P n R T M n N T A T, 

0-Diplienyl-ben/ciie obtained from the research laboratory of Kastman Kodak 
Comi)any after being [)urified by repeated crystallisation from pure benzene 
was distilled and the middle portion of the distillate vias received directly 
into the Wood’s tube. The tube conlaining the substance was then kept 
in an electrically heated oven and the teini)erature was kept .slightly above 
its fusion point by adjusting the current flowing in the heating coil^of the 
oven. 

Who other details of the experimental arrangement are practically the same 
as given in a previous communication by the authors. As nieiitioiied before, the 
Raman si)ectruin of this substance gets completely masked by very [powerful 
fluorescence but by employing A4358 as the exciting line filtered through a con- 
centrated solution of sodium nitrite the conlinuons background has been veiy 
considerably sni>pressed and a large number of Raman lines not recorded befoic 
have been obtained. The spectrograms were taken on Agfa Isochromc backed 
plates, speed H and D- with a new Kucss glass spectrograph having a dis^ 
persion of about 21 at A.^358. ^Ilie time of exposure was yaiied fiom 20 to 

/jo hours. Measurements were made, as usual, on a fairly accurate photoiueasui- 
ing micrometer and the wave-lengths were calculated using Ilartinann s dispersion 
formula. 

In this investigation, the A ^046 excitation did not give a good photograph 
and show ed very powerful fluorescence, the Raman lines being almost completely 
masked, giving only a few^ stroii^ lines. But by employing A4358 as the exciting 
line filtered through a concentrated solution of sodium nitrite, the continuous 
background was very much cut down and a fairly good photograph was obtained, 
bringing out a large number of weak lines iu addition to the strong ones men- 
tioned above. Ill tabic I are given the results obtained by the authors using ouly 
the mercury A435S radiation. 
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Tablu I 

o-Diphenyl-benzenc Krecjiieiicies 
(With a filter of concentrated solution of sodinin nitrite) 


NiJiiihcr. 

Ay in 

Intensity. 

NiiniJjer. 

in 

In tensity . 


cm 

I 




I 

3196 

0 

iS 

ti 39 

3 

2 

3059 

6 

19 

774 

6 

3 

1608 

5 

20 

744 

5 


1595 

10 

21 

7uS 

3 

5 

3577 

1 

22 


I 

6 1 

J503 

5 

23 

558 

f) (broad ) 

7 

1471 

i 

24 

521 

6 ,, 

S 

143U 

i 

25 

5,01 ? 

5 

9 

12S8 

JO 

26 

406 

5 » 

JO 

1247 

A 

27 

359 

4 

11 

11 So 

2 

28 

310 

5 

12 

ii8u 

6 

29 

253 

2 

J 3 


2 

30 

00 

6 


1032 

7 

31 

344 

5 (broad) 

15 

1005 

S 

32 

112 

3 

16 

m 

8 

33 

73 

. 2 

17 

87^ 

* 





Anti-Slokes lines of the Raman frequencies, 993, 615, ^ob, 359, 238 and 

T44 cm.""* recorded in table I, have also been observed. 

The Raman frequencies due to benzene, diphenyl and o-dipheiiyl-benzeiie have 
also been included in table II, for a comi)arative study, as these three substances 
contain one, two and three benzene rings respectively in their compounds and 
have fairly strong common frequencies. 

Complete tables showing assignments are given at the end of the papci m 
table V, and the exciting frequencies given in table IV. 

The shifts for benzene are taken from the paper of Anautliakrishnan and the 
values for dii)henyl are taken from the paper of the present autliors. 

The spectrogram is reproduced in Plate XII. 
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Table II 


1 

No. 

Benzene. 

Diphenyl. 

1 

j 

j o-Diphenyl-bcnzcnc. 

J 

391*^ (0) 


... 

o 

3187 (0) 

3192 (0) 

3196 (0) 

3 

3i<j4 (i) 

... 

... 

4 

3r)64 (8) 

3062 (5) 

3059 (6) 

5 

3048 (4) 

3047 (i) 

... 

6 

3949 <5) 

2961 (0) 


7 

2928 (od) 



8 

2617 (1) 



9 

2547 <i) 

... 


10 

24.^7 (i) 



11 

2272 (fl) 

... 


12 

1605 (2) 

1610 (10) 

1608 (5) 

13 

1584 (3) 

1590 (8) 

1595 (10) 

14 

... 

... 

1577 U) * 

15 

... 

1506 (4) 

1503 (s) 

i 6 

1480 fo) 


1471 (1) 

17 

1445 (0) 

1452 (1) 

1430 (i) 

i8 

1400 (J) 

... 

... 

19 

... 

1376 (0) 


20 

... 

131^^ (i) 

... 

21 


12S3 (10) 

1288 (10) 

22 


1241 (1) 

1247 (41 

23 

117.'! (2) 

1189 (3^ 

1180 (2^ 

24 


11.S7 (4) 

' 1158 (6) 

25 

... 

1090 (i) 

... 

26 

... 

... 

1059 (2) 

27 

28 

1035 (f) 

ioo6 (i) 

1032 (5) 

1032 (7) 

29 

998 (i) 

1003 (10) 

1005 (8) 

30 

992-5 (jo) 

? 

993 (8» 

31 

984 fi) 

980 (i) 

... 
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Table II (contd.) 


No. 

Benzene 

Dipheuvl 1 

1 

ti - 1 )ipheuyl-beuzcue 

33 

979 (i) 

964 (i) 

... 

33 

... 

898 (i) 

... 

34 

... 

... 

874 (i) 

35 

850 (a) 

838 (4 br.) 

839 (41 

36 

801 (0) 

... 

... 

37 

778 (0) 

779 ( 4 i 

774 (5) 

38 


740 (5) 

744 (41 

39 

... 


708 (6) 

40 

688 (i) 

... 

... 

4 X 

606 (5) 

614 (4) 

615 (5 

42 


54S 0) 

558 (3) 

'*3 


... 

531 (2) 

44 


... 

501 ? (1) 

45 

... 

440 (0) 


46 

4tx) (id) 

408 (5 hr.) 

406 (6) 

47 

... 

368 (0) 

359 (S) 

48 

... 

313 (4 hr.) 

319 (3I 

49 


267 (4br.) 

253 (1) 

50 

... 

... 

238 16 br.) 

SI 

... 

193 iOf 


.S2 

... 

140 (4 hr.) 

144 (6 br.) 

53 

... 

... 

112 (s br.) 

54 

... 

... 

73 (5 br.) 


br. indicates a broad line 


DISCUSSION OF results 


Raman spectrum of diphenyl which consists of two benzene rings joined end 
on by C-C bond in the para-direction has been reported by us previously.’ 
In this investigation we have studied o-diphenyl-benzene. This substance 
consists of three benzene nuclei, two of these being substituted in the third 
in the ortho position. The two benzene rings constituting the diphenyl molecule 
are preserved in o-diphenyl-benzene and we should expect the lines characteristic 
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of botJj dij)]iejiyl aud bL^nzene to be present in this compound. The three most 
liroinincnl frequencies observed in e-diphenyl-benzene arc at 1595^ 1288 and 
T005 cm '* respectively. As the table II will show the frequency at 1595 cni."^ is 


o-Diliheiiyl-bcnzene (Cj sHj 4) 


present also both in benzene and diphenyl. But it may be noted that this 
frequency is comparatively weaker and is displaced towards the longer wave-length 
side in the case of I)euzene. The most ]»roinincnt frequency observed in o-diphenyl- 
benzene is at i2iS8 cm.~’ It is equally strong in diphenyl. This is evidently 
the characteristic frequency due to the C— C bond present in both the.se com- 
pounds. It will be seen in table II that diphenyl has given a very strong line 
at 1003 cin.~' Corresponding to this, e-diphenyl-benzene has given two equally 
strong lines at 1005 and yya cni.~’ respectively. The latter frequency is observed 
to be equally strong in benzene. The occurrence of this doublet only in 
e-diphenyl-beiizenc is, therefore, characteristic of (his substance having three 
benzene nuclei, two of which being .substituted in the third in the ortho position. 
The line at 1035 cm."’ is obsej ved in all the three compounds but with marked 
changes in intensity. In benzene it is very weak, in diphenyl it is fairly strong 
and it is .stronger still in o-dipheuyl-benzene. As table II will show, there 
are also some fairly strong lines which arc entirely due to o-diphenyl-bcnzeue 


and are absent in benzene and also in diphenyl. These lines arc at 1577, 3059, 
708,521,501,238,312 and 73 cm."’ respectively. In addition to these, some 
very weak lines have been observed only in o-diphenyl-benzeue. Since they are 
faint it cannot be said delinitely that they ' are absent in one or the other of 
the compounds .studied here. Evidently some of these differences may be due to 
the particular molecular configurations of these compounds. In benzene all the six 
carbon atoms are, so to say, free, in diphenyl one of the carbon atoms is loaded 


with a phenyl group and in o-diphenyl-beuzene two consecutive carbon atoms aic 
loaded with phenyl groups. .Tbe frequencies at 238, 312 and 73 cm."’ due to 
o-diphenyl-benzcue which are absent in benzene and diphenyl may be due to the 
vibrations of the three benzene rings against one another. 

Recently Birkett Clews* and Katheleei3 Lonsdale have studied the structure of 
this compound. From X-ray measurements together with an estimate of molecular 
susceptibility based on the magnetic anisotropy of benzene and the dimensions 
of the unit cell, they came to the conclusion that neither of the substituted phenyl 
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j;roups of this compound can be orthogonal to the parent nucleus, and that the 
most likely structure is one in which the two phenyl groups have their planes 
turned in the same direction out of the plane of the parent nucleus by al^out 
50^ or less* X-ray analysis ' (Dhar, IQ32) and also our investigation (1938) 
lencf to shovv that the molecule of diphenyl is' planar hi 'stiuctuFc. \\h X-ray' 
study of ^^‘diphenyl-beuzene, which consists of three ben/.one rings joined in 
the paiva-position, Iiy L- W. Pickett " (1933), hy tlie inelhod of trial and error 
and Pourier analysis, tends also to show that the inoleciile of tliis compound is 
t)lanar in form. It is only in the case of o-dipheiiybbenzeuc amongst these 
tliiee aromatic compounds which contain more than one benzene nucleus that 
the authors (Clews and Ponsdale) conclude tliat probaldy the two phenyl groups 
Jiavc their planes turned out of the plane of the parent nucleus. Looking at 
table II we find that practically all the strong Raman frequencies present in 
diT)hcny] are also present in o-diphenyl-benzene which lias been investigated 
for tlie first lime by us has not shown on any of our plates any strong line which 
is not also present in diphenyl, excepting the one at 70S cm.“^ and a few broad 
ones at very low frequencies. It seems, further comparison and study is required 
of other allied compounds before any further light can be thrown on the structure 
of this compound. 

One of us (Mukerji) and I.aksnian vSingli have just succeeded for the first 
lime in obtaining a large nnmbei of Raman lines due to /j-diphcnyl-beuzene 
which has been shown by L. W. Pickett/ referred to above, to be coplanar 
in form. 'J'his conqxmnd has also shown pi aclically all the strong lines present 
in diphenyl and o-dijjheiiyl-benzenc in addition to a fair number of weaker 
lines not present in o-dijdien yl -benzene or m-diplienybbenzene which has also 
been investigated by us for the first time. Details of the investigation^ on 
/>-dipheiiy]-benzenc will be published in a subsequent paper and it is possible that 
some fiirtlier light may be thrown on the structure of compounds with three 
benzene rings, as a result of investigations on the Raman spectra of these 
compounds. 

This investigation was carried on in the Physics laboratory, Agra College, 
with a new Fiiess glass spectrograph kindly supplied by the authorities. One of 
the authors (S. Abdul Aziz) is also greatly indebted to the authorities of the 
Agra University for the award of a Research Scholarship. 


Table IV 


KxcitingLine A®. 

Wave number cni.“^ 

Notation. 

435S-3 

22938 

r A 


4347 '5 

22QQ5 

i A, 

i 


4S39’2 

2.3030 

1 
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Table V 

t)-Dipheny 1-benzene Frequencies 


No. 

1 

Wave number cm.'^ j 

Assignment. 

Shift. 

Intensity, 

1 

19742 

A 

319ft 

0 


19«79 

A 

3059 

6 

3 

3 r 33 f‘ 

A 

160S 

5 

A 

313^3 

A 

1 S 95 

10 

5 

21361 

A 

1577 

I 

6 

21^00 

A 

1595 

1 

7 

21435 

A 

1503 

5 

8 

31467 

A 

1471 

i 

y 

21/iyi 

A 

1504 

i 

1(» 

2150S 

A 

14 30 

1 

11 

21630 

A 

1288 

10 

12 

2i6cji 

A 

1247 

* 

4 

13 

21705 

A 

1 290 

I 

^-1 

21758 

A 

1180 

2 

1C 

21780 

A 

1158 

6 

i6 

2183.^ 

A 

1161 

i 

J 7 

21879 

A 

1059 

2 

i8 

21906 

A 

1032 

7 

19 

21933 

A 

X005 

8 

20 

21945 

A 

993 

8 

21 

21965 

A 

1030 

J 

23 

31992 

A 

1003 

i 

33 

22004 

A 

991 

i 

3^1 

22064 

« 

A 

874 

i 

35 

22og() 

A 

S39 

4 

26 

22164 

A 

774 

5 

37 

22194 

A 

744 

2 

28 

22230 

A 

708 

6 


Raman Spectrum of o-Diphenyl-henzene 

TabIvK V {contd,) 


217 


No. 

Wave number cni.“^ 

•k 

Assignment. 

Shift. 

Intensity 

29 

22323 

A 


5 bi'. 

3'-'* 

22380 


S 5 « 

3 

31 

22417 

A 

521 

2 

3-^ 

22437 

A 

501 ? 

1 

33 

22532 

' A 

4c'6 

6 

34 

22579 

A 

359 

5 

35 

22619 

A 

319 

3 


22O85 

A 

253 

t 

37 

22700 

A 

238 

6br. 

38 

22794 

A 

144 

b br. 

39 

22826 

A 

112 

5 br. 

40 

22865 

A 

73 

5 br. 

M 

230(82 

A 

144 


42 

23174 

A 

236 

? 

■13 

23298 

A 

360 

2 

44 

23344 

A 

406 

2 

45 

23555 

1 

A 

617 

I 

46 

236/15 ! 

! A 

707 

1 

47 

2393J 

A 

994 

i 


br. indicates a broad line 
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* Mukcrji and Aziz, Nature, 142 , 477 (1938). 

Mnkerji and Aziz, Ind. J. Phys., 12 , 271 (1938). 

’’ Loc. cit 

^ Rirkett Clews and Katheleen Lonsdale, Proc, Roy. Soc^ A., 167 , ^^93 (1937). 
s IJhar, lud. J. Phys., 7 , 43 (1932). 

® Loc. cit. 

7 Pickett, Pioc. Roy. Soc. A., 169 , 149 (1933)- 
^ Loc. cit. 

® Loc, cH, 
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ON THE ORIGIN OF COLOUR OF PARAMAGNETIC 
IONS IN SOLUTION, II 

Fine Structure of the Absorption Bands 
Bv D. M. BOSE 

AND 

P. C. MUKHERJl 

(Received for publication , June 2, igjg) 

111 a previous paper ’ a theory was developed of the origin of the absorption 
bands in paramagnetic solutions giving rise to the colours shown by them. The 
paramagnetic ions belonging to the iron group of elements are in the S-, D- and 
h'-statcs. It is supposed that the charge carried by these ions produce ])olari- 
sation of the associated dipole water molecules, in whose field the ground term 
of the ion is split up into (L + i) equidistant levels, with each of which is asso- 
ciated an electric orbital number ei, =0, j, L. Due to transition between the 

ground level and the upper excited levels, L absorption bands will arise whose 
frequency Av can be represented by the formula 


A NclAer, (K„ 
Av= - 


(i) 


where Nc — ^the ionic charge, 

U — the dipole moment of the molecules associated with the 
central ion, 

Aei— the change in the electric quantum number, 

Ko — a constant. 

It was shown that the number and frequency of the absorption bands was 
better represented by the relation (1) than what was to be expected from the 
theory of splitting of ionic terms in a field of cubic symmetry as developed by 
Van Vleck,® Penney and Schlapp.® Further, it v as 'found that most of the 
absorption bands showed a doublet structure whose frequency differences for 
the D- and F -terms are given below 
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Tabi^e I 


D-tenii Ions. 

P-tcTiii Ions. 


V++ -8590111.-' 


659 „ 

Cl--*' -2430 „ 


!(*(_*++ —1180 ,, 



Cr'++-6o8 „ 

-1277 „ 

fi 74 

-2380 „ 


-2408 „ 

• 




It is seen that the mean frequency difference is independent of the electric 
charge on the ion, but dependent on the L-quantiim number of the latter, being 
of the order of 2000 cni.*”^ for the JD-lenn ions and 7500111.”^ for the F-ions. 
It was apparent to us tliat such regularity in the doublet frequency difference 
and their dependence on the /.-values must be due to the further splitting up of 
the ground terms of ions in the induced electric field due to the surrounding mole- 
cules. At the time of the writing of the paper it was not clear to fis how 
the existence of an electric field of a lower order of symmetry could be account- 
ed for in an electrolytic solution. We liad only taken into account the 
immediate action of the field due to the polarisation of the six water molecules 
co-ordinated with the paramagnetic ion. According to Van Vleck, a field of cubic 
symmetry is to be expected under such conditions, but for our purpose we had 
assumed that a field of a different older of symmetry was produced. We had 
tacitly ignored the effect of the polarisation of the distant water molecules and 
also the influence on them of the charges on the anions. In a recent paper ‘ On 
the magnetic behaviour of Vanadium, Titanium and Chrome aluiiis ' Van Vleck^ 
has shown that the observed spin-only values of susceptibility of all these alums, 
which belong to the cubic system, i^ostulate the existence in addition to an 
electric field of cubic symmetry an additional crystalline field of H lower order of 
symmetry. Van Vleck discusses the various factors which contribute to the 
existence of such a field of a lower order of symmetry, and of the splitting 
produced by them on degenerate ground levels of and ions. He 

calculates ihe total splitting of the degenerate and Fl\ levels due to the 
distribution of the various atoms surrounding the paramagnetic ions in the alums. 
Accordiug to the different assum])tious made, the value of Av for the term 
varies between 1^50 to *^220 cm.“^ and for it varies between 860 to 460 

cm.*^ The values are strikingly of the same order of magnitude as the doub- 
let separation observed in the D and F absoi-ption bands mentioned above. It 
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seems, therefore, worthwhile to discuss in detail the contents of the Van Vleck's 
paper and to see how far the factors found to account for the low order field can 
be assumed to be possible in solutions of the paramagnetic ions. 

Wc shall first give an account of Van Vleck’s paper and then proceed to 
apply the results ol^tained to the case of solutions containing paramagnetic ions. 
If the crystalline field surrounding paramagnetic ions in a crystal is of cubic sym- 
metry (the highest symmetry as yet considered) and represented by an equation of 
the form V = S/(rt) + + 3 ;t + 2 I), the ground terms denoted by 71 and F arc 

split up in such a field into Stark components according to the following pattern, 


c 










f " . ferw 


C- 


D- ttm 


Figukk 


i.c., tlie number of levels is equal to the orbital moment number of the 
j^rouud term and the separation between them is larjfc as compared lo k't. 
According to Bethe’s^ calculations, both the ground terms are non-magnctic ; 
further, T., is non-degenerate while Tii is doubly degenerate which is removed in 
a field of rhombic symmetry. Moreover, the coupling bctw'een the si)in and the 
orbital moments of the paramagnetic ion breaks down, and the expression for 
the potential energy of the ion in a magnetic field is of the form: 


Y=j(i) + D{x* + y* +z*) + \{L.S) + iiH.(I. + 2S) (a) 


The total paramagnetic susceptibility of such a crystal w ith a non-degenerate 
ground term will consist of the following components : 


(i) a spin only value 


.^4N5( S + i)/3’^ 


( 5 ) 


where iS ^ - = the Bohr magneton 

/[irmc 

(a) a contribution due to the spin-orbit interaction between the lowest and 
the upper components of the ground term. This will produce a contribution to 
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(Hi) a contriJnition to the magnetic moment, induced in the ground slate 
‘ ’ by the high frequency terms ‘ A: ’ of the fonn 



fd ak) I ^ 

hy(ka) 


This term contributes a magnetic moment which is independent of 
temperature. 

A typical example of such a compound is chrome alum, whose suscepti- 
bility down to liquid air temperature has been measured by de Haas and 
('torter*^. This alum forms cubic crystals, in which each Cr'*^^ ion has co- 
ordinated with it 6II2O molecules which are arranged in the shape of an octa- 
hedron. The electric field acting on Cr ‘ ion due to the induced polarisation 
of the w'ater dipole molecules has cubic symmetry. The ground term of 
Cr‘*^ is Tg- Ignoring for the present the influence of the high-fre- 

quency terms, Penney and vSchlapp^ find that the susceptibility can be very 
well represented by the formula 


X 


/ _ 2X Y 
sDcj I 


There are other paramagnetic alums, viz., vanadium and titanium alums 
whose susceptibility measurements have been made. The ground term of V ' ' 
is and Van Vleck has showm that the f^tark levels in it is inverse to that 

for Cr*"^^ and so the ground term is 1’4. Ignoring for the present the 

ellccl of spin-orbital coupling, the susceptibility will, due to the independent 
orientations of the spin and the orbital vectors in the magnetic field, be of the 
form 

X = ~^,p |s(vS'-i- + i ... (4) 


i.r., the susceptibility will depend not only on the spin value of the ground term 
but also on the orbital moment. The presence of spin-orbital coupling removes 
partially the degeneracy of the ground term, so that different orientations of 
the spin have different energies; but it is not possible to associate a definite 
axial quantisation of spin with each of the levels. Thus the spin is partially 
free and the orbital contribution \vill also be modified. 

Similarly with the case of the titanium alum, Van Vleck considers the 
ground term of the Ti*’' ion to be d’ -P T.v Here the term i'5 is also triply 
degenerate with non-vanishing magnetic moment. For both these alums belong- 
ing to the cubic system assuming the existence of a purely cubic field, we 
should expect a temperature dependence of susceptibility which cannot be 
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represented by a simple Bose-Stoner formula, but must contain in some com- 
plicated way the contribution of the orbital moment of the triply degenerate 
ground term. Experimentally determined values of the susceptibility of vanadium 
alum at room temperature shows the validity of the spin-only formula 

4NS(5+i)i8^ 

^ 3fcT 

Since the cubic field is not sufficient to remove the degeneracy of the ground 
level, it is necessary to postulate the existence of air additional field of a lower 
order of symmetry. X-ray analysis shows that the field surrounding the para- 
magnetic ions ill the alums has only trigonal symmetiy. This is not in- 
compatible with the cubic classification, as the microscopic symmetry of the local 
field need not be so great as the macroscopic symmetry. 

Assuming the existence of such a trigonal field, the amount of whose 
splitting will be discussed later, we shall consider the splitting pattern produced 
on the triply degenerate 1*4 or level by .such a field. Van Vleck has given 
the following diagram. 



Figurk 2 

t The .splitting of a triply degenerate cubic state in a trigonal field. The two 
components of li coincide unle.ss magnetic forces arc applied.] 

This trigonal field arises as given by the results of X-ray analysis from the 
fact that the principal axes of the unit cell round each paramagnetic ion do 
not coincide with the principal axes of the octahedral arrangement of the six 
associated water molecules. 

The effect of this additional trigonal field is to split up the triply degenerate 
F4 and Fg levels respectively with a .single and a double dcgenciate levels, the 
latter being split up in the i)resence of an additional magnetic field. Ihus 
according as the level A or E respectively is the lowest term in the case of Ti^' ' 
and V ' ' ' ions in the alums, will the susceptibility obey the spin only value (3) 
or show a deviation from it. Siegert** has discu.ssed the conditions under which 
in both the ions a non-degenerate orbital state will be the lowest. The trigonal 
field consists of two parts, one a second order term and the other a fourth order 
ope. He has shown that for a special range of values for the ratio of the second 
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order to tlic fourth order terms will the non-degenerate orbital state lie deepest 
both ill Ti' '' and V' ' * riivcn the actual distribution of atoms in the unit 
cube of the alums round each paramagnetic ion, Van Vleck considers the factors 
which are responsible for the deviation of the crystalline held round the central 
ion from that of ciiliic symmetry. They are : 

I. The direct action of the field from distant atom (i.e., those outside the 
six water molecules) — The non cubic part of the field comes mainly from distant 
atoms, and they are known to lx* distributed with only trigonal symmetry, 

II. The indirect action of the field from distant atoms— under their influence 
the associated water molecules may be somewhat disturbed from its normal 
octahedral arrangement, and so may exert a non-cnliic field on the central para- 
magnetic ion, 

III. The Jalin-Tcller effect — which states that the most stable arrangement 
of a polyatomic molecule is always sufficiently iinsymnietrical to lift any orbital 
degeneracy which may be present in the central atom. For qualitative purpose 
it will suffice to regard the chnster bHodlX^Ti, V, LT) as a molecule 
embedded in a trigonal field of force. 

The essence of the Jaliii-Teller mechanism is that the potential or incipient 
degeneracy of the central i)aramagnetic ion has repercussions on the arrangement 
of the surrounding molecules. * 

Evaluation of the diflerent contributing factors has been made as follows : — 

I. The most important forces acting on the paramagnetic, ions apart from 
those due to the six associated water molecules, comes from the 32 oxygen and 8 
sulphur atoms in the nearest eight (vS( ).<) groups. Van Vleck has carried out his 
calculation of the forces on the followdng two assnmj^tions : — 

(a) in each (So.j), is uncharged and each '()' carried ^ 2^^ charge, f.c., 
the action of each group is due to a chaige distrilmtion, 

(b) each 'S’ has 21' and each '()’ has —c, ix-, the action is due to dipoles 
having their seats in the (SO4) groups. 

The truth lies between («) and {b) and is prolmbly closer to (a) than to (6). 
The second order effect is about the same for both (a) and (b). It gives a split- 
ting of only cm.“^ and of wrong sign for V ' ' , /.(?., the degenerate slate is the 
deepest, 'fhe fourth order effect with (a) is not large enough to overshadow the 
second order contributions and gives a substantial splitting of the proper sign in V"^ . 

The comlnncd effect of these Iwt^is zero. With (b) tlie combined effect produces 
splitting of no cm.'" \ and is of such sign that the non -degenerate state is the 
lowest. With either (a) and [b) the non-degenerate state is the lowest in Ti'^”^'^, 
and the splitting A in figure i is ^00 cm."^ with {a) and 330 cm."’ with (h). 

II. Any small distortion of the water cluster comparable with the crystallo- 
graphic trigonal symmetry, gives a sufficiently large ratio of the fourth order to 
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the second order term to make a non-degenerate ground state for both titanium 
and vanadium. The approximate validity of the spin-only value is due to the 
large contribution due to II over I. 

For (a) gives 215 cm.~' 

(b) gives 42s „ 

III. In a separate papcr’^ Van Vleck calculates the crystalline Stark splitting 
for clusters of the form XYg due to Jahn-Teller effect. The final splitting pro- 
duced by the three factors in the ca.se of and Ti'^''^'' is tabulated as 

follows : — 


TabIvU II 


I 

. 11 1 

in 

I Total 

V+++ (a) 0 

215 

245 

460 cm / ' 

(^) 0, (110) 

425 

• 13 .S 

860 „ 

Ti'‘'+'''(a) 400 

500 

1320 

2230 ,, 

(b) 400 

500 

550 

T450 „ 


Having con.sidered the splitting of the degenerate terms, we give below the 
Stark-levels in those paramagnetic alums in which the ground state of the ion is 
non-degenerate i'a and Ty respectively. 


/r< 



c 


Uni 


c* 


ferw 


FigURE 3 

[In this case tv\ o absorption bands [One absorption band with a doublet 

will be observed, each band a doublet with mean frccjuciicy difference A*', 2220 
with a mean freoueucy difference to 1480 cm.'bl 
A*', 460 to 860 cni.'lj 

From the above diagrams we draw the conclusion that if in crystals containing 
hydrated paramagnetic ions of the type 6H2O) we observe doublet struc^ 
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ture in the absorption bands, whose frequency for the crystals containing ions 
with F-terni ^ 460 to 860 cm.~^ and for D-terni 2220 to 1450 cin.~’ then we 
may conclude tlial the upper excited term of such ions are in the triply de- 
generate l\, I’d states icspcctivcly, which are subject to a perturbation field of 
trigonal symmetry. 

As mentioned in the introduction (Table I), aqueous solutions of paramagne- 
tic salts do actually show structure which in the majority of cases is of a doublet 
nature, and the mean frequency difference for them agrees in the order of magni- 
tude with those predicted by Van Vleck for the alums. The existence of doublet 
structure in the absorption band in such solutions forces us by analogy to postu- 
late the existence of a perturbation field of trigonal symmetry in these solutions. 
It is known, from the similarity in the absorption spectra shown by paramagnetic 
ions in hydrated crystals and in aqueous solutions, that even in solution each ion 
carries a cluster of six coordinated water molecules. vSimilarly we may expect 
each of the anions to be associated with a clu.ster of water molecules. In between 
these cationic and anionic clusters are situated unattached water molecules which 
are subject to the polarising action of both these groups. In reference to the 
paramagnetic clusters, these intermediate water molecules play the part of distant 
molecules, corresponding to the part played by the 8(vS().i) groups in the alums. 

According to the Debye-IIiicliel theory of complete ionic dissociation, each 
ion of a given sign is surrounded by a spherical distribution of ions of the opposite 
sign. But recent absorption spectra evidence on rare earth solutions collected 
by Freed’*' goes to show that in them the anions occupy definite valence posi- 
tions with respect to the cations and which are independent over a large range of 
the degree of dilution.* 

If this holds good in case of the electrolytes containing the elements of the 
other tTunsitioii groups the directed positions of the anions with respect to the 


* The evidence i.s obtained as follows A particular group in the absorption spectra of 
KnCb in .solution consi.st,s of four extremely sharp lines, which remain identical for all 
concentiat'ions from I'.s M to 0007 M. Hut in Eu(No.i)3 .solutions it is found that the 
corresponding group consists of three line.' which remain constant for all concentrations from 
1 M to di M, while at greater dilution the chloride structure begins to appear. Although the 
total intensil\' changes, the relative intensity within the structure, their sharpness and their 
interval ilo not change during dilution. Further it was found that in the hydrated crystals of 
Ku-nilia(c, the triplet appears and in the same position as in solutions. When the nitrate is 
dehydrated and then dissolved in anhydrous ether, the group appears as two strong lines. 

'I'lie presence of these ab, sorption lines due to EU+++ in solutions seems to indicate that in 
solution the ficl.l round each Ku+++ ion is sharply defined in its intensity and orientation and 
depends partly on the nature of the solvent and partly on the nature of the anion. These results 
cannot be interpreted in terms of Debye-Hiichel’s theory of interionic action due to each ion of 

one sign being surrounded by diffuse atmosphere of ions of opposite sign, which change conti- 

iiually in extent and intensity with dilutioq. 
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cations may be the origin of the non-cubic perturbation field in aqueous solutions, 
and thus account for the type I and II of the perturbing forces. Further, the 
perturbing action of III, the Jahu-Teller forces, will be valid even in the case of 
hydrated paramagnetic ions in aqueous solution. 

We shall now discuss what evidence the fine structure of the bands gives as to 
whether the Stark splitting of the D- and F-terins of the different ions in solution 
are upright or inverted. 

Table III 


Upright level. 


Inverted level. 


For the D-term 


For the F-terni 


One absorption band ^vith 
doublet structure. 


One absorption baiub as according to lh(' 
calculatifui of Van VHeck the term is 
n(jt split up in a trigonal held. 


More than one absorption 
band with a doublet struc- 
ture, 


The highest absorption band without 
structure the lower ones with doublet 
structure. 


In the diagrams we have not taken into considei alien the further splitting 
of the Stark levels due to spin-orbital coupling. If Ibe energy of the spin- 
orbital coupling is of the same order of magnitude as that due lo the effect of 
the trigonal field, then the structure of the absorption baud may alter. An 
example of this is the occurrence of a triplet structure in the Ce ' ' ' absorption 
l)and at 42,000 cm.'* nearly. Similarly, the absence of pronounced doublet 
structure in the absorption baud due to Ni* may be attributed to this cause. 

Evidence from the absorption bands of the Stark level sequence in the 
different paramagnetic ions is given in table IV. 

Table IV 

Ions iviih I)-teriii : 


‘rnn. 

Theoretical.* 

Observed j 

Remarks. 


Inverted 

Upright 

Observed in IICl solution of 
TiClj, which may lead to an 
inver.sicm of levels. 


Upright 

Upright 


Fe++ 

Inverted 

Upright 


Cu^’' 

Upright 

Inverted 


(MqO)+++ 

Inverted 

Upright 



do 

do 

Triplet observed due to the effect 
of large spin-orbital coupling. 


do 

Inverted 


As givetjTjy Van Vleck. 
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Tatirk IV (canid.) 

Jons ivith : 


yni- 

Inverted 

1 Jpriglit 

Cr* ' * 

ITprighl 

do 

Ni' ' 

do 

No derisive evidence 

Cn 

linerlid ] 

1 

do 


I) I S C IT S vS T () N 

111 the previous jKipcr * we have shown that the iiuiiiber and frequency of 
absor[)tiou bands in the paraiiiagnclic solutions (excluding those belonging to 
the rare earth group) can be more satisfactorily re] 3 resented by the theory of 
Stark splitting of ionic levels given there than what could be deduced from the 
theory of Belhe and Van Vleck, in which it is assumed that in a hydrated 
metallic complex the field acting on the central ion has a predominantly cubic 
symmetry. Uu the other hand, the fine vStructure of these absorption bands 
both as regards their number of components and the amount of splitting is of 
the same order of jnagnitude, as calculated by Van Vleck for the degenerate 
orbital terms and of the paramagnetic ions in alums containing Ti, 
V and Cr. This splitting is assumed to be due to a trigonal field sut)erposed on 
the original cubic field. The separation between the principal absorption bands 
was shown to be proportional to the charge on the paramagnetic ion. t)n the 
other hand, Uie doublet width of these bands is found to be independent of tlie 
ionic charge. Tliis is due to the different origins of the primary and the trigonal 
fields. 

Further, from the structure of the absorption bands of these ions in solution, 
the conclusion is drawn that in most of them the upper levels show degeneracy 
when placed in a cubic field (r.c., the Stark levels are upright), contrary to the 
predictions of Van Vleck for these ions. Ce"*^^ ' ions in solution show a triplet 
structure for the band at 42 X 10^ cm. \ while according to the theory a doublet 
structure is expected. This may be due to the large spin-orbital coupling, 
wdiosc energy is of the same order of magnitude as that due to the trigonal field 
superposed on it. The absorption bauds both due to Ni"* ^ and do not show 
a doublet structure (as expected for Ni^^). This may also be due to the large 
values of spiii-oibital coupling for these ions. 

It w'uuld be of interest to determine the analytic expression for the field 
whicli produces the (L+i) equidistant levels by a splitting up of the ground 
term as required by our empirical formulaA It is of the same nature as the 
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splitting produced by a uniform* magnetic field on ions with the same orbital 
number, only the negative values of L are excluded. It follows that a conformal 
representation is possible by means of which both the electric moment of the ion 
and the induced field acting on it are transformed into a steady moment and a 
uniform field. 


SUMMARY 

In a previt)us paper the number and positions of the principal absorption 
bands of paraiiiagnetic ions in solution were found to be capable of being 
accounted for by means of an empirical formula proposed by the authors. 

Most of the bands were found to consist of doublets, who.se frequency dilTer- 
eiice was of the order of 2000 cm."' for the 7 ?-ions and of the order of 750cm."' for 
the P-ions. 

In the present paper the doublet structure is accounted for as due to the 
presence of a superposed field of trigonal symmetry round the paramagnetic ions 
which is 6uppo.sed to be due to the directed positions of the anions with respect to 
the cations in solution. 

The splitting is found to be of the same order of magnitude as that calculated 
by Van Vleck for the D- and F-ions due to a trigonal field present in the alums 
containing these ions. 

ADDENDA 

Since the completion of writing the above, we have been looking through 
the paper of Messrs S. Datta and M. Deb entitled " Light Ahsorption in Para- 
magnetic Crystals and Solutions ” (F 1 ij 7 . Mag. XX, 1121, 1935)* and it appears 
to us that there is definite optical evidence to settle the question whether the Stark 
splitting of the F-lerms in Co' ' and Ni"' are upright or inverted (see table IV). 
The authors have measured the absorption spectra of the crystals C0CI2, 6H3O 
and NiCL, by reflection from crystalline powders. 

For the liighest absorption band, the following results have been 
obtained. 



Position of absorption 
maxima. 

Av, 

Co++ 

505 1 




750 cni.“^ 


525 .1 J 


Ni" 

410 If 



Thus the upper F-level of Co''" is split up into a doublet, the separation is of 
the order of magnitude to be expected for a F-level in a trigonal field, while that 
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in is a singlet. This observation on hj^drated crystals is supported “by 

observations of the absorption spectra of aqueous solution of these compounds, 
which were made with the help of a Hiisch-Pohl double monochromator used in 
conjunction with a photo-electric cell. 

In the Coda solution, the 515111/^ band is found to consist of at least two, if 
not three, sub-bands; while, in the NiCla solution, the band at 407m/Ji is very 
sharp with no trace of any structure, on the other hand the next band at 65om/i is 
broad with about tliree sub-bands. According to Van Vleck's calculations, the 
upper level of Ni^"^ is triply degenerate and of ' is non-degenerate in a 
cubic field. If it is accepted that the structure of the absorption bands in the 
hydrated paramagnetic crystals gives information about the sequence and splitting 
of the Stark levels of the paramagnetic ions containing them, on which their 
magnetic properties like susceptibility and anisotropy depend, then Van Vleck's 
interpretation of the origin of the large difference in anisotropy of similar crystals 
containing Co ' and Ni^"^ ions is no longer valid, and we have to seek other 
explanations to account for these properties. It is very desirable that a series of 
investigations on the absorption spectra of paramagnetic crystals specially oi the 
alums and of other hydrated crystals should be undertaken. 
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NEW ME.^SUREIVIENTS OF ALUMINIUM MONOXIDE BANDS 

By DEBESCHANDRA ROY, M.Sc. 
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ABSTRACT. TIjc paper deals with new ineaHumnentN of han-Mieads in the speelnini nf 
.dnminiiiin inoiiDxide, and leports the existence (if several haiifls not yet reec^rded in liteiature 
\ new hand head i‘(|uatinn has also been derived 


J N T R () D V C T TO N 

It is well known that akiniiiiiutn arc in air emits a bright hand spectrum in 
tin.' blue-green region between A 4100-A 5700. The spectrum consists of a large 
number of bands with sharidy defined heads degraded to the red and belongs to a 
single system due to a >-“5 transition. 

These bands were first observed by Thalcn in 1866. Since then they have 
been subjected to a number of investigations. A brief but complete review of 
ihcse investigations till 1924 has been given by Mdrikofer.' Most of them were 
concerned with the emiiirical representation of the band-edges or of the structure 
lines of bands or with the question of their emitter. Much doubt was expressed 
as to whether it is the metal or the oxide which is responsible for the emission of 
these bands. In 1925 Mulliken ' proved definitely that their emitter is the 
diatomic oxide molecule, AlO. In the same year the ciuantum analysis of their 
vibrational structure was given independently by Birge '' and by Mecke ’ from the 
lianu-head data of Morikofer while that of their rotational structure was carried 
out by Uriksson and Hulthen. ' 

In the meantime many investigations have been made, notably by Pomeroy “ 
and by Sen ’’ to interpret correctly the band structure in the light of recent develop- 
ments in the theory of band spectra of diatomic molecules. As a result of his 
new measurements of the structure lines of three of the most intense bands, viz., 
‘I, 0), (0, 0) and (o, i), from high-dispersion spectrograms, Pomeroy found the 
analysis previously given by Eriksson and Hulthen to be incorrect. Using a new 
method of locating uniquely the band-origins, he gave a correct quantum inter- 
!>retation of the baud structure and evaluated the important constants of the 
niolcculc. Very recently Sen has made further investigations on the rotational 
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slrueUirc of ihesu bands, lunploying a dispersion higher than that used by 
Ponieroy, he has studied the nature of spin-doubling in botli the lower and the 
upper states of the band system. 

It appears, however, from literature that since 1925 no further attempt has 
l)een made cither to verify the correctness of the vibrational analysis of the bands 
and of the baiul-liead equation given by Mecke 01 to extend the band system 
under ijniuoved conditions of excitation. In fact the diftereuces between wavc- 
munbers of band-heads as recorded by Mecke from the old data and those calcula- 
ted from his band-head e(iuation are in many cases apprecialdy large. This may 
be due to the fact that the wave-length data of band-heads are only approxi- 
mate as they aie given np to four figures. Hence fresh measurements 
of tlie l)aiul-heacls are desirable to test the limit of accuracy of Mecke's 

CijUatiniK 

In point (3f fac't the present investigation was started with a view to 
seareli for new biind s^^slcms in the spectrnm of Ah), using dilTerent modes of 
excitati(m. Foi this pnr[)ose the first source employed was an alnminiiiin arc in 
air operating ft om 220 volt 1). C. mains but taking a current as high as eight 
amperes. I' or a i»reliminary survey of the spectrum in tlie region A 2200-A 7000, 
liliotograplis were taken with suitable cjuarlz- and glass-prism siiectrographs of 
large light-gathering power. Although no new band system was discoveiyd in 
tliis region under the i)ieseiil mode of excitation, a mTinber of yet unrecorded 
bands weic observed in several sequences of the existing band system. The 
object of the iirescnt paper is to report the results of measurenients of these new 
bands logctlier with those of the existing ones and to derive a band-head 
equation w'liich w ill rejiresent the w^ave-nunibevs of band-heads within the limits of 
ex[)eriniental error. 


M K A S P R K M n N 'J' S 

Measuiemcnts of band-heads from high dispcrsion-spectrograins 
do not necessarily give ahvays greater accuracy than w'hen .spectrograms 
of moderate dispersion are employed especially in the case of the weaker 
heads becau.se of the dilliculty of their exact location under the inagnifica- 
tion ol a comi^arator. Hence the liands were jdiotographed in the first order of a 
6 ft. concave grating set up on » Pa.se. hen mounting and having a dispersion of 
about n A. lb per min. Suitable iron arc lines were taken as reference standards. 
The measurement was conducted in the usual way on a (jaertiier j)rccision-com- 
parator from several plates iihotographed w ith dilTerent periods of exposure varying 
from a few seconds to about an hour. Individual nieasureiiieuts of band-head 
wave-lengths dilTered from one another by not more than ±0-02 A.U. in any case. 
Their ^veighted mean is given in table II- 
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O -C V A L U E S O F E A N D - ri K A I) VV A V E • N t’ M U E R F fi 1 N C 

OLD DATA AND MECKE’S E O [’ A T I O N 

'I'able I includes the old data of band-heads with their v" assignments as 
^iven by Mecke, who derived the following band-head equation : — 

i' = 2o6q6-o + S66‘i v'~ ^'o -y'® — () 7 i'ov"-l- 7‘2 v'"~. 


TAni.K I 


7'', V" 

A 

(obsd ) 

r 

(ohsd.) 


O-C 

(I'lii. M 

h 0 


? 40 ') 3'3 i 

1 

i,1o46-4 

- 3'i 


4 1 Si 
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PLATE XIII 



AlO band.s 

Pliorographed with prism spectrograph. 
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From the last column of table I, it is evident that the differences between the 
observed and the calculated values of band-head wave-numl)ers from Mecke's 
e(]uati()n are in many cases well beyond the limits of experimental error, CvSpecially 
for bands of hiftli and values. Hence it is necessary not only to secure 
new measurements of. baiicbheads but also to derive a more approximate band- 
Iiead equation than that ^iven by Mccke. Incidentally, it may be noted that the 
assigiimeiit of v', v* value to the band-head at A 446,^ is incorrect. It should be 
assigned the value (ii, 8) instead of (xo, 7). With this new assignment, the ()— C 
value is IQ'3 cm.“^ and is of the right order of magnitude. 


O-C V A h V I<: S 0 V B A N 1) - H K A J) W A V K-N V M Ii V. R vS, 
DSTN (r N K \V J) A T A A N I> IM K C K b) ’ S () U A T 1 t) N 

In tabic II are given the new data of band-heads. Column IV contains 
the () — C values using Mecke's band-head equation while the O — C values in 
column V are calculated using the new equation, 'vtz., 

V, == 20699-25 + 870-0 (i»' + i)-3-8o('i;' + ‘2)^“"978-2 + + 7-i2(r" + 
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Table II {contd.) 
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Tlie bands marked with asterisks in the preceding table are the new bands 
observed in tlic present investigation. vSeveral of them arc of very feeble intensity 
bnt they are iindoiitedly present on all the plates taken with prism spectrographs 
of large light-gatherihg power which are especially meant for photographic Uanian 
spectra. 


DISCTTvSSlON S 

From an inspection of the O — C values given in the last two columns of table 
II, it is evident that although the new equation does not materially differ from that 
of Mecke, it represents more approximately the new measurements of l)and-heads 
even for high values of and v'. 

Using the new data, the ewergy of dissociation, D, of Al( ) in the lower and 
upper electionic states of the band system are found to be 4-03 and 6 04 volts 
respectively, while, from the old data, Lcssheim and Samuel ^ had evaluated 
D" = 4‘I5 and 6-15 volts. In either case, one finds that the dissociation-energy 
of the molecule increases on excitation. According to the view of the above 
authors, this is due to an increase in the number of electron pairs which in turn 
gives rise to an additional p-p bond in the upper electronic state of AK). 
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Excepting BO, the oxides of group Illb elements arc so far known to 
])ossess only one band system. Of course no band si>cctrum is yet recorded for 
lhalium monoxide. No rotational analysis has been done of the bands of CraO*' and 
Iij( >’■ Consequently there is much uncertainty about the nature of transition res- 
]KMisible for the emission of the band system in each case. It is, however, known 
that the ground .states of BO is a state which is the lower state of the ^S-bands. 
With a view to ascertain that the lower state of the band system for each of the 
oxides, viz., AlO, GaO and InO is analogous to that of the ^-bands of BO, varia- 
tions of vibrational coefficients in the lower states of the band systems of BO, AlO, 
(laO and InO with increase of atomic number have been plotted in figure 2. Tl'he 
nature of each curve is what one should expect when all the states under question 
arc analogous. 

The author acknowledges with pleasure his best thanks to Mr. M. K. Sen. 
M.vSe., who had begun the work and taken several of the photographs used in the 
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present investigation and to Dr. P. C. Malianti, for many helpful discussion 
and guidance. The author is finally indebted to Prof. P. N. Ghosh, for pro* 
vidiiig with every facility for the completion of the work. 
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A SIMPLE METHOD OF COATING OPTICAL SURFACES 

WITH ALUMINIUM 

By M. V. SIVARAMAKRISHNAN 

(Kecclvcd foi publication, June ij, i 9 jcj) 

ABSTRACT. A sborl history of the evaporation process for depositing metallic films on 
to mirrors is given. The apparatus herein de.scribed is found to be convenient for the deposi- 
tion in high vacuum of most metals on various surfaces up to 6" in diameter. The nmtnl to be 
deposited is evaporated from two straight parallel pieces of i mm. tungsten wire. At a 
pressure of io‘^ mm of Hgthe optical surface to be coated receives a good deposit when placed 
at a di.stance of about lo eras, from the filament. The advantages of this process over chemical 
silvering, sputtering are discussed with special reference to the coating of optical surfaces with 
aluininium. The apparatus described is quite simple to be recommended for laboratory ubc. 
Till' author has intioduced some important changes in the technique to facilitate ea.sy repeti- 
tions of the process. 


INTRODUCTION 

Optical surfaces, large and small, used in optical instruments such as reflec- 
tors in telescopes and interferometers are now being increasingly treated with 
cliromiura and aluminium instead of with silver for increasing their reflecti- 
vity. Cheraipal silvering done even with the best of care has been found to 
tarnish after some time. vSurfaces coated with aluminium not only do not tarnish 
even after long intervals of time but possess the added advantage of increased 
reflectivity in the ultra-violet region,^’® which property becomes so valuable in 
photographic work. So the problem of alumiuising optical surfaces has been 
engaging the attention of many physicists in recent years and a good deal of data 
are now available for the successful coating of surfaces with aluminium. The 
present paper deals with a simple method developed in this laboratory 
for this process. 

The method consists in enclosing the optical surface to be coated along with 
aluminium in high vacuum and vaporising the aluminium by passing a current 
through it. If the optical surface is suitably placed, the aluminium condenses on 
it and gives the surface the desired reflectivity. For supporting the aluminium 
wire in position and passing a current through it, tungsten wires of suitable thick- 
ness are used and the aluminium wire is supported on it as shown below. 
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il i S I ( i K Y ( ) i’ T a JC K V A P o K A T TON l> R 0 C K S S 

cvaponition procc^ss dates back to the time of Edison who in 1890 oI> 
t.'iiued patenls in connection with it. The process was perfected by R. Ritschl 
at the Reichsanstalt j)arlicular]y with a view to coating two interferometer mirrors 
siiiuiltaneously and equally to give the same rcilecting i)Ower. 

Cartwright and Strong ^ applied this process in 1931 for the deposition 
of many metals and non-metals including Al, Sb, Ue. Ca, Cr, Co, Cu Au, Fe, 
I^I), Mg, Mn, Ni, Se, Ag. Te, vSn, Zii, qiiaitz, fluorite, the alkali halides and 
silver chloride on oj^tical and other sm faces. They found this process much 
easier and it required less time than sputtering. Moreover, the thickness of the 
deposited film could be brought under more delicate control by weighing the 
amount of tlie material to be evaporated. This, therefore, permitted of an 
accurate reproduction of partially reflecting mirrors for the interferometers. 

The coating of astronomical mirrors with aluminium was undertaken 
indepeiidenlly by Strong and by Williams in 1932. Since then, several 
other physicists^ Sabine,^ Cartwright," Towards/ and Yeaglcy ^ have used 
this technique for making mirrors for general experimental purposes. 

K V A P (.) U A T 1 0 N 'r U C H N T Q U E 1* O R A 1 , U MINI U M 

0 

All appaiatus for evaporating the materials consists of some device for hokl- 
iiig and heating the material to be evaporated, a vacuum-tight container, and an 
evacuating system to maintain the necessary high vacuum. Several arrangements 
were used in which tliese essential features were varied. 

One of the problems encountered when evaporating iiietMs in a vacuum is the 
choice of a i)ro])er heating element that will pioducc enough heat to vaporise the 
metal, without itself melting and snapping. Strong has described an evaporation 
process where the heating element is a spiral of tungsten wire over which 
the aluminium wire is supported in the form of U-riders at a numlicr of places. 
In this method, the disadvantages are that the alumiiiiiim derives its heat only hy 
iiiclallic contact and that the niolten aluminium globules fall down in lumps 
from the support. A modification of this metliod by Edwards involves the 
use of two parallel wires placed about one millimeter apart and in a horizontal 
position. Tlie metal is simjdy laid upon the two wires and \vhcn it melts, it weta 
the tungsten and spreads out linearly between the two wu'cs. Yeagley 
has adopted a different inetbdd of heating where the filament is of adjustable 
overlapping type. The author lias found this method more efficient 

K X P K R T M K N T AX ARRANGEMENT ? 

Figure 1 explains the parts and assembly of the evaporation chamber for 
aluiiiimzing purposes. 'J Yis a bell-jar la" in height and 8" clear inside dia-^ 
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uictL'i-, good enough for aluminising mirrors up to 6 " in diameter. The base-plate 
' p ' is an ordinary 15" x 12" x y glass plate. Two holes about 2" apart are 
Ji-illed in the glass plate with carborundum and rotating pipe. The electrodes 
A, B, C entering the holes are made from I'' brass rods. “ *A’ is turned at oue end 
and threaded to fit into the lower drilled and tapped portion ‘ B.’ The ' L ’ shaped 
members C, C are bent from brass rods and held in place in the drilled holes 
in the upper part of ‘ B ’ by set screws. The horizontal portions in ‘ C ' have 
1/16" holes and are split lengthwise by a hack-saw. Set screws at the sides serve 
to clamp the tungsten wires in these jaws.” 



Figurs I 
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It is found to l^c more couveiiieiit to evacuate from the top of the bell-jar* 
For this an internal joint ivS jnade froin glass and fitted into the one-hole rubber 
cork of the l)ell-jar. An aluminium rod i/8'' in diameter and about 12" in length 
passes through tlie glass tube of the internal joint. It is sealed at one end with 
good sealing-wax and is i)rovided with a hook at the other end. The aluminium 
rod serves two purposes, it forms one terminal for connecting the secondary 
of the induclion coil. The other terminal of the secondary is connected to one of 
the electrodes. This procedure is useful in that we need not remove now and 
tlien the stray aluminium tliat may be deposited on the base plate, which, of 
course, becomes a necessity if the terminals for the electric discharge are provided 
at the l)use plate. The electric discharge is necessary to know the quality of the 
vacuum and for cleaning the optical surface to be aluminized. vSecoiidly, the 
aluminium rod helps to hold small optical surfaces. 

All joints, metal to glass, glass to rubber, arc joined with good sealing-wax. 
The use of sealing-wax for fixing the bell-jar with the glass plate has been 
avoided. It is very often found difficult to seal vacuum tight with sealing-wax. 
Instead, the bell-jar is ground (lapped) with the glass plate with very fine carbo- 
rundum and good vacuum grease is applied to the rim of the bell-jar and the 
space to be covered by the base of the bell-jar in the glass plate. After slightly 
warming the two, the bell-jar is pressed gently on the glass plate with ^slight 
rotation so that when the pump begins to work, there is no leakage there what- 
soever. 'rhis procedure also helps considerably to remove the bell-jar from the 
basc‘platc very easily and thereby facilitates easy repetition of the process. 

The filament is of overlapping, adjustable type. Two straight pieces of 
tungsten wire each about 2" in length and ’02" {\ mm.) in diameter are clamped 
in the brass holders so that their ^lear ends overlap about 4 nmi. without touch- 
ing each other. Four inches of thin aluminium wire (less than 2 mm.) are 
earelully wound tight on this overlapping portion 

The surfaces to be coated are cleaned well first With alkali, then with con- 
centrated IINO;^, and finally with di.stilled water. This order of cleaning is 
essential to get rid of all traces of alkali for successful Coating of aluminium. 

V A C IT U M r K C II N I Q U 

A Cenco-llyvac rotary oil-pump in series with two apeizen oil-pumps of the 
Waren type produces the necessary high vacuum. The vacuum in the system 
is measured by a McTeod gauge. '' After pumping for about ten minutes, and 
after a possible leak has been healed, the discharge from the induction coil is 
found to soften into a patteniless-grey-blne-glow.'' When the pressure as indi- 
cated by the IMcTeod gauge is about '001 mm. or above, the vacuum is found 
to be good enough for the successful evaporation of aluininiuuu It has been 
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found, however, that bright films cannot be obtained at pressures higher than 
io~* mm. of Hg. 

The heating is done by drawing current from a bo-volt D. C. supply with 
suitable carbon rheostat and ammeter in the circuit. The tungsten wire is 
found to glow when the current is about lo amperes, and when it is adjusted to 
1 5 amperes, the aluminium is found to melt and stick to the wire. On further 
increa.se of current, it is found to boil and condense on the surface to be coated. 
It is found that the opitical surfaces receive a good deposit when placed at a 
distance of aboiit 7 cms. from the heating filament, for a pressure of ’ooi mm. 
of mercury. The depth of the coat is easily and accurately coiitiolled by obser- 
ving through the top surface of the disc. About 5 to 10 minutes are required 
for complete aluminization. 

vSeveral plates have been aluminized including a 6" mirror. Atteinjits are 
now being made to make the apparatus simpler and suitable for aluminizing a 
24" reflector, which has just been completed in the College, correctly figured, 
poli.shed and parabolized. 

I wish to express my thanks to Dr. II. Parameswaran, for suggesting the 
problem and to Professor P. S. Subramauia Ayyar for allowing me facilities in 
carrying out this'vvork. 

T'HV.SICS DKI’ARTM1!N1', 

Prksihency CorWGH, 

Madras. 
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RAMAN SPECTRUM OF DIPHENYL IN THE SOLID STATE 

By S. a. AZIZ. MSc. 


[KtiL^ivn^ foi luiNicaliOii , Jiiuc 

riaU- XIV 

ABSTRACT rNiiniiiii sp ('till in of (liplK'iivl in (lii* soliil state lias Incn sliidii^d tor llie 
lirst tinux 111 a 1 I ::h liiiu^ Iiii\ (* Iireii iveonlrd. Many ol Hie liiu's of nioltiai ilipliciivl have' 
alijii'iirt (1 ill lli(' solid stal(‘ oftlu* snbstaintx Mo.st <)f fi e lines are ol)s(‘rvt‘d to lie sliiffial 
ni i^l^|n(nev in passiiyi;' Irom liijiiid to s-diil stall', tin sliitt, bowi'vei , is nol in Uie 
'-anie direi'litJii for all the lines. In th(' n'l^n’on (d' small fteiineni'ies, four new’ lines 
have been riaoided at iFk), (>3, 5.), and 3() eni ^ Tin* lunliable oriLon ol these lines is 
liointed out 


I N T R 0 1 ) V C T 1 0 N 


Raman siiectniin of dipheuyl in tliu li(|ni(l slate lias been invesli}^atccl in dcdail 
recently by Muklierji and Azi/. ' 'I'lie infltience of cliair.'e of slate from Jiipiid to 
solid on tile Raman lines has l)een studied by lipslein and Steiner,’ by dross 
and Viiks, ’’ and ])y Sirkar '^’ "' in the case of benzene and its other compounds 
vvitli interesting icsults. l^esides the a|3])earance of some nevv' lines cliaractei istic 
ot the solid state, the Raman lines show some changes in fretiucncy and intensity 
in [lassing from li(|uid to solid state. It was thought u orth wliile to stud)r tlie 
Raman si)eclruiii of diphenyl in the solid slate and locompaieit with that of 
diiihenyl in the liquid state. The results obtained have also lieeii compai-ed with 
those of lien/eiie. 

R X V R R I M R N T A h 


Diphenyl obtained from the research laboratory of I'astiuan Kodak Coin] any 

was purified by repeated dislillalion and the middle portion of the distillate was 

received directly into a clean W^ood s tube whicb had been washed iiy the disti 

Hate. Particular care was taken to make the distillate dust-free. The distillate 
condensed into a semi-trauspareiil crystalline mass and the Raman .s])ectriim (> 

this was photographed. The temperature w'as kept iicai about _,s (. by ciicu J-, 

water in the jacket surrounding the Woods tube. Ihc diawii-oiil cm ua^. 
painted black from outside and .stray light was cut down as niuc i as] 

A 4358^ was used as the exciting line. The light of the quail/ 

was filtered through a concentrated solution of sodium nitiitc to sn])i>KSS 4047 
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and the shorter wave-lengths, followed by another filter of a very dilute solution 
of iodine in carbon tetrachloride to suppress the continuous background between 
A 4358^ and A 4916^. The time of exposure was about 80 hours on Agfa 
Isochroine backed plates H & D. 4400, with a Fuess glass spectrograph having a 
dispersion of about 21 X at A 4358. The continuous spectrum was found to be 
more prominent as compared with the intensity of Raman lines in the 
case of the solid state of the substance. This continuous back-ground is due 
to the reflection inside the spectrograph of the very strong Rayleigh line 
A 435S. A comi)lementary filter of a very dilute solution of potassium chro- 
mate suggested by Aiianthaki ishnan was also used just before the slit of the 
spectrograph to weaken A 4358 before it entered the spectrograph. 

Measurements were made with a Gacrtiier photo measuring comparator, 
fairly strong lines being correct within half an Angstrom and very weak ones 
within one Angstrom. 


R K S U Iv '1' S ANT) DISCUSSION 

The results are given in table I . For comparison, lines of diphenyl in the 
liquid^ state arc also added in the same table. Figures within brackets indicate 
visual eslimate-i of intensity. Table III gives all the lines obtained along with 
their assignments. 


Tabi.e 1 

Diphenyl Frequencies 


No. 

Solid state 

Liquid state (slightly 

<nt 25”Ci. 

above fusion point). 

j 


3102 lo) 

2 

J063 (5) 

3062 (5^ 

3 

3043 (d 

3047 (d 

A 


2961 (o) 


160^ (ro^ 

1610 (lo) 

() 

1589 ( lO ) 

1590 (8) 

7 

150O (2) 

(4) 

1 

S 

I 4 S 9 Ul j 

1452 (1) 

9 

! 

1 
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No. 


^ p 

Solid stale 
(at 25"C). 

lyifinid stair ^ fsli^^htly 
filuivc fusion ptiijit). 

lo 


132^^ (o) 1 

1318 (A) 

11 


1273 (10) 

12S3 (to) 

12 

1 

120J (1) 

lAp (1) 

n 

1 

J164 (3^ i 

11N9 (3) 


1 

J146 (i) ! 

IJ 57 v 4 ) 

* s 

1 

loy; 

UK)0 (i) 

i6 


1033 ^5! 

(5) 

>7 

1 

W (S) 

K103 (10) 

iS 

1 

1 


ySo (i) 

in 



Qf^ 0) 

20 

1 


HoS (i) 

‘ 2 i 


846 (A) 

R3.S (.1 br.) 

22 


"'^•1 (•!) 

779 (4) 

23 


739 I3I 

740 (. 5 ) 

24 


606 (j) 

614 (4) 

25 


541 (0) 

S 4 « (1) 

26 



440 (r.) 

97 



40.S (5 br.) 

28 


... 

36, K (0) 

2y 


3 ‘ 2 (j 

3>3 (4 I'l-) 



243 (2 diff.) 

267 (4 br.) 

31 



193 (<0 

32 


i6g (2 br.) 

... 

33 


146 (4) 

140 (4 br.) 

34 


93 (4 l»r-) 

1 

1 

35 


54 (3) 

1 

36 


39 (j) 


The 

diphenyl, 

lines of 
because 

solid diphenyl arc much sharper than the lines of li(|iiid 
of the absence of rotation of molecules in the solid 
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stiilc, /)nt the lines m(h ^y, 243 cwr’ and Ay, i 6 g cmrhre soaiewhal 
The line i.r, nn." ’ is (ill ile broad. From a study of table I, it Avill be Policed 
thuta change from hqaid to solid brings out some displacement in thepoT.im 
of the lines. /I /eir lines however, at 3063, 15S9, 1506, 1033 and 739 
do not show any mnecmhle change. The symmetrical hydrogen frequency 
!,i Ar, y>0:, cm.-’ suffers no change either in intensity or in frequency. This 
lesidt is in accord vrilb that of Sirkaj who observed that in benzene also 

Ihis line shou s n(i chan.ee- vS. Bhagavantain and A. V. Fao/ however, Jun e 
noticed it to clian.ee from 3061 in the Ikiuid benzene to 3069 in the vajjoin 
.stall.-. The otliei IiydruecJi frequency 30.17 of liquid diplienyl is shifted to yis; 
in the solhJ state. 

( )ut of till* doulilcl ihio and 1500 cm. * the former shows a dehiiite dccieasc 
in frequency in llie stdid state and is shifted to 1604. The latter shift sulTers no 
chanjj,e in frequency l)ul j^ains in intensity in the case of the solid state. Ihis line 
is somewhat diffuse iu Ihc liquid state but 111 llie solid state it becomes quite shari> 
and the increase in intensity is partly due to the fact that in the solid state the 
whole intensity is distributed over a small width. 


Tile other imi)orlanl frequency at cm.“\ of liquid diphenyl is shifted to 
ij/,] ^vhen it is in tlie solid stale. Its intensity in the solid .state is grealef than 
that of qqg cm.^ * bqistein and Steiner observeil that the lines at 983, yg2, iiyb, 
and 1605 cm.“^ of licri/.ene were lowered by one to three wave-numbers in the solid 
state at low temperature. In the case of diidicnyl also, the line 1003 due to C — C 
vibration of the benzene ring is lowered by four wave-inmiliers in the solid slate. 
The oilier two lines ii8y and 1 157 of liquid diphenyl arc shifted to and 114b 
respectively, the shifts however are much greater than those observed by Ki^stein 
and vSteiner in the case of benzene. It will be noticed that the two syninietrical 
vibrations 1003 ^283 of liquid diphenyl, both having their origin in the C — C 

vibration, the former characteristic of the bciizeiic ring and the latter characteris- 
tic of — C<^ of diphenyl molecule behave similarly in fiassiug from the liquid 
to the .solid slate so far as tlic displaccincnl iu frequency is concemed. 


'rile displacement in frequency in passing from the liquid to the solid state is 
not in the same direction for all tlie lines. Whereas 3062, 1590^ 1506, 1032, and 
740 cm."^ do not show any appreciable shift in passing from the liquid state of 
the substance to the solid slate, the lines 30.17, 1610, 1283, 1241, 1189, 1157, T003, 
614, 5^8, and 267 ciii.“^ decrease in frequency in the solid state, but 
the lines 1452, 1318, logn, 838, 779, 313, and 140 cm."'^ increase. 

The line 40S cm.“^ which is fairly strong and somcwdiat broad in the liquid 
state of the substance eitlier grows extremely weak in the solid stale or disn^-r^eais 
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ciiliiely. Also the lines 3192, 2Qbj, 1376, ySo, gfei, SyS, 449, and 193 cm."> 
u Inch arc fairly weak in liquid diphenyl have not been recorded in the solid 
slate. 

In the region of small frequency shifts four new lines at lOn, 93, 54, and 
30 cm."' have been recoided in the solid state. lividenlly they are characteristic 
of the solid state of diidienyl and compare fairly well with the lines found in other 
compounds of benzene in the solid state by ( 5 ross and Vuks,'^ and by vSiikar.-' All 
of these contain the benzene nuclei and this may explain the ctmnnon frequencies 
observed. The lines observed in diphenyl are due i)rol)ably to the intci inolecu- 
l.ir oscillations in polymerised groups'* of molecules of diidienyl in the .solid state, 
dross and Vnks, ’ however, ascribed the lines obseived by them in benzene and 
other conii'ounds in the solid state to vibrations characteri.stic of the crystal lattices 
of the respective molecules. Further evidence regarding the origin of the lines in 
the present case can be obtained if the substance be examined in solution for its 
Raman effect and the influence of tcniperature on these lines be studied. 

1 'hc work was carried on in the Physics laboratory, Agra College, Agra, and 
I wish to express my grateful thanks to Dr. vS. K. T\ 1 nkerji for suggesting the 
problem and for his continued guidance during the course of research, to Dr. 
N. K. vSethi for i)roviding me with the facilities for the work and to the authori- 
ties of the Agra Univer.sity for the award of a Ke.search Scholarsliii>. 


TAiirE 11 


ExciUnf! I jincs 


tixeitiiig liuc.s A. 


4 ^.s 8-3 


AMTh 


Nol.ition. ! Wiive-miinlier eni.'’ 


A 


2293S 


Ai 

A2 


22 Q ()5 


4330-2 


23039 
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Tahle III 


Diphenyl Picqucncics 


No, 

1 

1 VV’ave-nnmber 

1 

Intensity. 1 

1 

Assiennieiit. 

A f' in cm 

1 

1^)875 

5 

A 

31*63 

2 

' 19895 

1 

A 

3 >M 3 


21331 

li' 


1604 

4 

-G340 


A 

i 5 ‘ 0 

.S 

21390 

1 

Ai 

1605 

0 

21407 

1 

Ai 

1588 

i 

i 21132 


A i 

1506 




A2) 

1607 

h 

I 21431 

0 

A'i 

1588 

9 

! '21470 

1 

A 

1459 

JO 

1 21612 

0 

A 

1326 

j I 

' 2J6O5 

10 

A 

1273 

1 2 

.0723 

1 

A, 

1272 


21737 

1 

A 

1201 

•4 

2 1 763 

0 

Au 

1276 


! *^1774 

3 

A 

1164 

ih 

2179 » 

1 

A 

1146 

17 

218 11 

1 

A 

1097 

1 8 

21905 

5 

A 

1033 

JO 

1 21030 

cS 

A 

999 

20 

; 21901 , 

n 

Ai 

1034 

2J 

' 21(198 

i 

Ai 

997 

22 

1 22(»30 

u 

Ai 

lOOO 


; 22092 

i 

A 

84 ff 

21 

, 22154 

0 

A 

784 

"kS 

1 22199 

3 

A 

739 

26 

22332 

2 

A 

606 

27 

, 223()7 

0 

A 

541 

28 

1 22609 

3 

A 

3-9 

20 

22695 

2 dill. 

A 

243 

30 

22769 

2 br. 

A 

169 

31 

; 227()2 

! 4 

A 

146 

32 

a;:845 

4 br. 

A 

93 

33 

2,2884 

i 3 

A 

54 

34 

22S99 

1 1 

A 

39 


Til the tables bi. indicates a broad line and diff. a diffuse lice 
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STUDIES OF THE IONOSPHERE AT CALCUTTA ‘ 

By J. N. BHAR 


{Received for ptiblicaiioii, ]nnr iq^()) 

Plate XV 

ABSTRACT. Tu the preseiil paper the results of systeiuntic ioiiosphenV' observntions 
carried out at Calcutta; 22 Nidiiriii^ the period Jaiiuar}- 103^ to April 1^37 arc deserihed. 
The diurnal and seasonal vnriaticais of critical frequency for the K and V regions of the 
ionosphere are presented graphically and are discaissed with reference to variations expected 
from the ultra-violet light theory. It is found that the observed variations of Kigion K, 
ionization are in general agreement with the theory of Chapiiiaji parlicnlarlv during w inter 
inonth.s. During summer months, however, tliere are deviations due presuuuiblv tf> the 
fiequcnt occurrence of abnormal ionization associated with tliunderstorn s. The observed results 
arc utilised for estimating the eoefiieienl of recombination iJi the F, region which is found to be 
of tile order of 10 ® cm.'VseC' The phenomenon of abnormal E ri’gion ioni/ation is discussed 
in detail and its association w ith the incidence of thiinderslorins investigated. 

The observed variations of Region ionization shows that the time of diurnal maximum 
shifts towards the aflcrnoon in summer. There are two distinct maxima in the seasonal 
variation curves for the midday and the 1600 hours ionization. These seem to eo.alesce in the 
ease of tlie 1900 hours seasonal ionization curve. The extreme daydn-day varialiilitv of the 
midnight ionization makes it difficult to form any idea as to the nature of its seasonal variation. 


j. 1 N T R O J) U C T I 0 N 

Ionospheric investigation in common with all other geophysical investiga- 
tions requires for its furtherance observaliojial data collected over long periods 
and from different parts of the world. Proper collation of the data is only possible 
if there is international co-operation as in the case of the study of problems 
connected with transient variations of terrestrial magnetic elements. The import- 
ance of world-wide survey of the latter was recognised long ago and international 
organisations are now into existence for promoting synoptic study of this branch 
of geoi)hysics. Need of similar co-operation for ionospheric investigations is 
also now recognised and the first step towards making planned observations was 
taken at the iustai«ce of the Union Radio Scientilique International in 1931 when 
the Union organised a subcommission for conducting radio research during the 
second International Polar Year 1932-33. The International Union of Geodesy 
and Geophysics have also recognised the need of such co-ordinating work 
and appointe'd in 1936 a joint committee of the Association of Terrestrial Magne- 

^ Comniuuicated by the Indian Physical Society. 
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lisiTj iind Jdectricity and of the K. vS. I. with Prof» K. V. Appleton as 
Clnuniiijij. 

thifortunalcdy, unlike tlie extended network of magnetic observatories, the 
number of ionosplieric' laboratories is extremely few and even those which exist 
are apparently working independent of one another without any co-ordinating 
scheme. The paucity of ionospheric data for different latitudes is still a severe 
handicap for fornuilatiug a complete theory of the ionosphere. It is therefore 
extremely desirable that new stations should be opened in diSerent coLiiitries 
of the world and that those which are already in existence should carry on 
syslemalic observations on the variations of ionosplieric characteristics over long 
continued periods. 

So far as is kiiowui to the author the only station engaged on carrying out 
legulai and system.stic ionospheric observations at low' northern latitudes is the 
one at Calcutta which was opened as early as 1030 * The first systematic mca- 
snrenienls on the ionos])here W'ere started here in ig3e when observations on the 
heights of the ionosplieric layers on a fixed frequency Me. /sec.) at different 
hours of the day w'ere made throughout the polar year (1932-33)1 accordance 

wdth the programme formulated by the Polar Year vSubcommission of the 

Ib R. vS. I. After the completion of the Polar Year programme the experi- 
mental equi])menl was developed to enable observations to be made by the 

(P\ /) curve method over a frequency range of o'7 to 15 Me. /see. 'fhis equipment 
was utilised for the measureniciit of the ion density of the ionospheric layers at 
diflerenl liours of the day for a period of about 16 moiitlis and the results obtain* d 
are preSwiUed and discussed in tlie present paper. 

2 K X p n: n t i\t n. n t a l ic o n 1 r at p: n t and s t t im a t t ( > n o p' 
c R 1 T I c A n P R p: (j u n n c y 

(«) T'lansmiitcr 

The oscillatory circuit of the transmitter was of the conventional Hartley 
type employing a 1:50 Walt Philii->s 'I'B 2/250 valve. The pulse modulation 
was normally at 200 per .see. and was accomplished by the wcll—kiiowni method 
of inserting a condenser and a grid leak in the grid circuit of the oscillator valve. 
We preferred this type of modulation to the now’ more commonly employed method 
of modulation at the frequeney of the A. C. sui)i)ly mains w-hich is more con- 
venient for automatic recording. The former has the advantage that if necessary 
the pulse recurrence frequency can be increased at w-ill. Such increase becomes 
necessary when it is desired to resolve echoes of short delay . 

The transmitter covered a frequency range of o‘7 to 15 Me. /sec. By 
suitably changing the tuning coils and the condenser setting the frequency over 


' Dater, ill ig34, a stalivJii at Allahabad ha.s alst) been opened. 
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MU' entire range could be changed in steps of o'is Me. /sec. in the range 0*7 to 
:'5 Me. /sec., of 0 25 Me. /sec. in the range i*5to 5 Me, /sec. and of o's Me. /sec. 
in the range 5 to 15 Me. / sec. 


(6) Estimation of the critical frequency 

In estimating the critical frequency it is necessary to know which of the two 
— the ordinary or the extra-ordinary magnetically split eclio — is being observed. 
The splitting being usually of the type known as stratification splitting, the 
longer delayed one is ordinary and the one with shorter delay the extra-ordinary 
for frequencies greater than the gyromagnetic frequency, which in our case is 127 
Me. /sec. Our nieasurenients were always coniined to the ordinary ray and the 
critical frequency for a particular region was estimated by noting the fiequency 
at which reflexions from this region just disappeared. In cases where splitting 
was not observed, as happened usually in the day time, it was presumed that the 
observed echo was due to tlie ordinary ray, the extra-ordinary ray being lost by 
greater absorption. 

3. Til F. ORB TIC AL IONIZATION CURVK FOR C A Iv C U T T A 

In order to interpret the observed data regarding the diurnal and seasonal 
variation of ionization which is now proved to be due to the varying inclination 
of the solar rays it is necessary to compare them witli a set of representative 
curves which may be regarded as standard variation ciiivcs. Such standard 
curves may lie drawn from ChapmaiTs theoretical analysis^ on the ionizing effect 
of monochromatic radiation on a rotating atmosphere. The main results of 
Chapman's analysis and the variation curves appropriate for the latitude of 
Calcutta calculated therefrom are given below. 


(a) Chai>man’s Analysis 

According to Chapman, the variation of N with time for a particular 
height h is given by the dillerential equation 

fro ~ + v- =exp. [i-7-cxp. (—2) /(R + 2, x)] 
dfl> 

where v = N/No, 

N — number of ions of each kind present per c.c,. 

No — maximum value of N above the equator at noon at th^ 
equinoxes, 

I " , - 

" 1*37 X lO^aNo ’ 


4 
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<1 — cocfficieiit of recombination, 

(f ) — time reckoned from noon in radians 
X— zenithal distance of the sun, 

^ H " 

h — height at which the ionization is considered, 

ho — lieiglit of the level above the equator at noon at the equinoxes, 
i.c., X“<^j where the rate of ion production is a maximum, 

H — “ Scale height i.e., height of the homogeneous atmosphere, 

T> ~ P' hi) 

H ^ ’ 

a — radius of the earth, 

and /(R-I-2, x) — is a complicated function which approximates sec. x fot 

values of x <85°. 

The numerical value of R appropriate for a region at the level of tjie E] 
layer is 650, as assumed by Chapman. The parameter (To which depends on No 
and the coefficient of recombination ** is uncertain. For reasons discussed in 
section (4c) we have taken «'o=o’25 for our calculation. 


{b) Theoretical Ionization Cuives for Calcutta 

Since in all ionization measurements the maximum electron density of a 
particular region is measured, it is necessary to calculate the variation of 
vniuji with (p, v,„Qx being the maximum value of v at any instant irrespective of 
height. Millington*'^ has worked out an approximate numerical method of 
calculating curves from the above equation and has drawn a set of such 

curves appropriate for region Fy. Following the same procedure curves have 
been drawn depicting the diurnal variation of ionization of Region Ej at Calcutta 
for five specially chosen days of the year. These arc given in figure i. 

« 

Since we are specially interested in curves depicting the day-to-day variation 
of ionization throughout the year at a particular hour of the day, vve derived a 
number of such curves from the five diurnal curves of figure i. Tw^o of these 
representing the seaso;ial vari^itioii of ionizaliop at midday and at midnight arp 
shown in figure 2, 
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t — Curres representing the diamal variation of ionization at Calcatta for <r*=o'25. Starting from above the curves successively correspond to 
t<) Summer solstice, (fi) ®=io*, [Hi) Equinoxes, (fu* 5 = — io°and(v) Winter solstice. 


MIDDAY 
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An interesting point to be observed in connexion with the day-to-day 
variation of noon ionization (figure 2) is that the annual maximum is very flat 
compared to the relatively shai-p minimum. It is also noteworthy that the 
amplitude of the seasonal variation is much greater for the noon ionization than 
for the midnight. 

4. STUDTEvS OF REGION E IONIZATION 

It has been already mentioned that the critical penetration frequency for the 
region studied was always measured with reference to the ordinary wave com- 
ponent. It is known that the maximum electron density, N, of a particular 
region is related to the ordinary ray critical frequency, /, by the equation 

N=i -24 X 10“"/“ (i) 

It has also been .seen in sec. 3 that 

v = -^- = const. X N = const, x 
No 

Thus _ 

/= const. X Vv 

Measurements of this critical frequency for Region Ei were made three days 
each week at noon, i6oo hours, 1900 hours and at midnight everyday. For 
reasons stated elsewhere additional observations were made at 1730 hours and 
at 2030 hours during the months of April to July. From the data obtained the 
following types of variation of ionization could be studied : 

(i) Midday to midnight variation. For simplicity we will call this the 
diurnal variation. 

(it) Day-to-day variation of the ionization at certain fixed hours of the day, 
viz., noon, 1600 hours, 1900 hours and midnight throughout the year. We will 
call this the seasonal variation of ionization. 

In what follows we shall discuss both these types of variation and compare 
them with theoretical deductions from Chapman’s theory, 

(a) Diurnal Variation 

Plots of th e four (sometimes six) daily observations made between midday 
and midnight (thrice every week) may be taken as a rough representation of the 
diurnal variations of ionization. In figs. 3 and 4 a number of such mean diurnal 
variation curves for the different months of the year ending April, 1937, are 

given. Each curve is drawn by taking the monthly mean of ^ for each hour of 

observation. ’ Such mean values have the advantage that they tend to cancel out 
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occasional irregularities of ionization. The full line curve given in each case 
depicts the hourly variation of ionization as expected from the ultra-violet 



p ojBtibg 


Local time (Honrs). 

Fig* 3 — Depicting the average variation of ionization of Region Ej from midday to midriightJn._diffefenF Theoretical 

variation of ionization. 
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t’jeory. These are all drawn with reference to the theoretical value of v,io„„ at 
intei solstice as standard, the ordinate for the latter being adjusted to coincide 



variation of ionization. 
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,.ith that of the observed average value of at midday in December. It u.; I>e 
seen tint the general trend of variation in each month approximates more oi I.ss 

to the corresponding theoretical curve. The agreement between the theoretic,,] 

^wcJ observed curves is very marked in the winter months. In Siitnnior, howevci, 
the curves diverge considerably. A quantitative estimate of the agreement or 
divergence between these curves in the dilTcicnt months of the year may be 
obtained from Table i in which the ratio of midnight to midday values of avera.ee 


are tabulated. 


Table 


Mouths. 

Monthly mean of 

/* (midnight) 

/p (juiddoy) 


Observed. 

Calculated. 

January (1937) 

0*14 

0*12 

I'ebruarv 

0*15 

0'12 

March 

0T2 

O'lT 

April 

0*10 

0*11 

May (1936) 

o ‘37 

o-ii 

June 

0-30 

O'll 

July 

^>’33 1 

0-11 

August 

0*27 

0*1 1 

September 

0*20 

O-II 

October 

0-17 

0*12 

November 

0’12 

0'12 

December 

013 

0*12 


The very marked depai'tures of the observed variations from the theoretically 
calculated values during the months May -September deserve special mention. 
It was observed that during tlies^ summer months the ionization of Region Ei 
suffered frccjueut abnormal increases both by the day and also by the night. 
What was still more remarkable, the abnormal increases which occurred during 
the night were, in general, proportionately greater than those occurring in 
day-time. This point is illustrated in figure 5 in which the square of the observed 
critical frequency at each hour of observation is individually plotted for the 
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.lonth of June (1936). It may be seen in the figure that at midnight the ratio of 
,[ic observed maximum value of to the corresponding normal value is about 

Uil 

J ; but for midday this ratio is only about 2-4. The data for the other summer 
months show the same characteristics. Evidently this fact explains the large 
discrepancies encountered in these months as shown in Table 1. 



5 — T'lot of for June 1936. The number in each circle 
indicates the number of davs on which the particular value was 
observed in the whole month I'heoretical variation of ionization. 


ib) Seasonal Variation 

III figs. 6 to 9 the observed critical frequencies for Region Ei for the four 
different hours, viz., 1200, 1600, 1900 and 2400, are plotted to depict the seasonal 
variation. The continuous curve in each figure gives the theoretical variation 
according to Chapman. In drawing these curves the same conventiM as made 
ill figures 8 and 9 has he^n adopted, i.c., the theoretical value of v v at noon at 
winter solstice has been taken as the standard of reference and the ordinate for 
the same has been adjusted to coincide with that of the observed average value 
at midday in December. It will be seen in all these figures that although 
the observed seasonal variations agree fairly well witfi the theoretical curves 

5 
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for the winter months, there is considerable divergence between the two in summer. 
This divergence is least for the midday values and gradually increases as one 
proceeds from day to night. One interesting feature in the figure for midnight 
may be pointed out, The theoretical curve hardly shows any variation from 


7 '- Seasonal variation of Region Ej critical frequency. Theoretical curve 




month to month. The observed critical frequencies also show the same feature 
excepting, of course, that in the summer months they very often attain abnor- 
mally high values. 


Fig. 9. — Seasonal variation of Region Ei critical frequency Theoretical curve, 
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(c) Coefficient of Recombination 

We have seen in section (3a), that the parameter tr„ depends directly on 
tlie coefDcient of recombination a. In order to find out the value of tr„ which 
would give the best fit of the calculated v-<i> curves with the observed ones, a 
number of such curves were draw n for the equinox with values of (Tq equal 
to 0 05, o'l, o'25, o‘5 and i. It was found that the curves with (Tq equal to o'as 
gave on the whole the best agreement. I'his particular value was therefore 
adopted in drawing all the curves reproduced in section 3. It is interesting to 
cvalute a from this value of cto. We know that 

I) ’ M 

T‘37 No 

Taking No = 10^', the uiaxiiiium value of N above the equator at noon at the 
equinoxes, we obtain 

a=2'92 X 10“^ ^ cm,^ per sec. 

If No is taken to be equal to io‘‘’, we get a equal to 2'Q2 x io"”^ cm. per sec. 
We may note that although this latter value is smaller than that obtained by 
others during the day time, it is in good agreement with the value of a found 
under night-time conditions. # 

We will in passing miike a rough estimate of the value of from an entirely 
dilTcrent set of observations. We had niade*^ hourly measurements of Region Ei 
critical frequency throughout several nights in connexion with our observations 
on the effect of meteoric showers on the iouospherc. An examination of these 
records showed that on the night of November 16-17, 1936 the rate of deca) of 
ionization was particularly steady indicating that, in all probability, there had 
been no disturbing agency on this night affecting the ionization in an abnormal 
manner. We, therefore, utilised the records of observations of this particular 
night just by way of making a rough estimate of the value of the recombination 
cuefficieiit. At night, when the sun’s rays are withdrawn, we have 

-^=-aN2 _ 

at 

assuming that recombination is the only process of electron dissipation. 

Hence (j/n) 

If, there, we plot i/N against time, the slope of the curve will give a. 
Calculations made in this way showed that on the night in question 
was equal to i i x 10 ^ cm.^ per sec. It should be stressed, however, that it 
is not reasonable to attach any great importance to this value, for in order to 
claim accuracy in the measurement of a in this way the critical frequencies 
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should be determined more precisely than was possible with our method and also 
at more frequent intervals. 

(d) Abnormal Region Ei Ionization 

As seen above, the ionization of Region Ei attained abnormally high values, 
specially in the summer months both during the daytime as well as at night. 
Such abnormal conditions were first reported by Appleton in IQ30 and later 
on by many other workers 8. 0. 10 designated them in various ways, for 

example, "abnormal E»" "sporadic E,” "intense E and so on- It is 
worth while to enquire, in view of the frequent occurrence of these phenomena, 
liow far our observations in this connexion are related to similar phenomena 
observed by others. This is somewhat difficult because of the great variety of 
behaviour of these abnormal conditions observed by the different workers. The 
observational records in this connexion of Appleton and his co-workers ' ' * are, 
however, best suited as a standard for comparison partly because their method 
of observation involved continuous variation of frequency and partly because 
they have given the most complete account of the behaviour of this pheno- 
menon. We shall, therefore, compare our observations with the observations of 
these workers only. 

A simplified reproduction of the type of (P', /) records obtained by them at 
vSlough is represented in figure 10. It may be seen that there is a sharp disconti- 
nuity at c in the lower part of the (P\ f) curve long before reflexions from the 
same equivalent height ceased altogether. The portion abc on the lower fre- 
quency side is believed by the above-mentioned workers to depict the normal 
trend of the equivalent height-frequency curve corresponding to the normal 
Region Ei, so that the true critical frequency of this region is represented 
by c. The portion to the right of c, in which partial reflexion is evident, 



—^Frequency. 

Fig. 10— Simplified equivalent height-frequency curve 
obtained at Slough at 07*30 G. M. X. on June 34, 1934. 



268 


J. N. Bhar 


represents "abnormal Region Ei reflexion." Appleton and his coworkcis 
believe that this portion has no connexion with the true critical frequency ‘tr 
the normal Region Ej and hence cannot be taken as indicating the presence of 
abnormally high ionization. 

We have not encountered the phenomena represented in the region ab, 
of the (P', f) curve of figure lo. The type of equivalent height-frequency curve 
as obtained under abnormal Region Ki conditions is depicted in figure ii, li 
will be seen in the figure that reflexion from the level of Region Ei occurred 
up to a frequency as high 356 9 Me. /sec. and that the corresponding (P', /) cuivc 
was apparently continuous up to this frequency after which complete pcnetratirjii 
took place. This may possibly be due to the fact that the (P', /) curves, in oiii 
case, were obtained, as mentioned before, by observing the equivalent paths on 
number of fixed frequencies spaced at definite intervals so that any sharj)^' 
discontinuity like that at c in figure 10 might have been missed in one of the 
frequency steps in which the whole range was covered. Whether the absence 
of the discontinuity is real or is due to the incompleteness of our observations 



Frequency (Me, /sec.) 

Fig. ii-“Rquivalent height-frequency curve obtained at Calcutta 
at i6oo hours local time on July 15, 1936. 
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1 question which can ba decided only if measurements at our place are also 
in:tde by continuous frequency variation method. Until this is done, there is no 
oJiur alternative for us than to believe that all such records indicate abnormally 
l.iqh ionization of the normal Region Ei. 


{(■) Correlation between Abnornal Region lo«halion and Thunderstorms 

Attempts have been made from time to time to correlate the occurrence of 
siu-li abnormal increases of Region Ei ionization with the incidence of Ihuflder- 
slorms. The results of the attempts made by different workers 
(111 not seem, however, to agree with one another. The present author in colla- 
l)oration with Syaui^ '’ carried out a scries of observations in 1935 and found that 
Hr- occurrence of thunderstorms and abnormal increases in Region E] ionization 
;\ie markedly associated with each other. The actual value of the correlation 
i-ocflicient between these two phenomena found by them was Ci = o‘5. The 
regular observations made during 1936-37 offered us an opportunity of examining 
anew this problem. It is for this reason that additional observations at 1730 
hours and 2030 hours were made in the months of April-July. The results of 
these observations were studied statistically in the same manner as described in 
the paper ' above referred to. For convenience of comparison, the results of the 
two sets of association tests between thunderstorms and abnormal increases in 
Region Ki ionization carried out in 1935 and in 1936 are given below in tabular 
lorm (Table 2). 


Tabi.e 2 



Magnetically 

Quiet Days. 

Magnetically 

Disturbed Days. 

Tf st of Association bc- 
1 v' cn Tlinnderstorui and 
'^biif>ni]nl Toni/ation. 

j 

Year 

x’' 

C. 

X* 

C, 

1035 

4 i ‘55 

0504 

19-75 

*>’474 

1Q36 

1 

17 7« 

1 

0*31 

4 

o’lq 


The table shows at once that while in 1935 the observed association between 
’huiulcrstorms and abnormal ionization was marked on both magnetically quiet 
ud disturbed days, that in 1936 was appreciable only on magnetically quiet days. 


(f) Ionization of Region 

In course of the investigation, echoes from a virtual height of about 150 
IIS. were occasionally observed. The region from which these echoes are 
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Subsidiary region were made in course of our regular observations. vSo far as 
■ an I)e gathered from these measurements, we may summarise briefly the follow- 
ing results : 

6 
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(/) I'hc electron density of Region K2 was usually about ^0-40 i^er cent, 
higlier than that of Region Ei* The percentage difference was relatively greater 
when the ionization of Region Et was greater than when it was less. 

iii) The variation of the equivalent height with frequency could not be 
ascertained with accuracy since the frequency band on which the echoes could be 
obtained was always very narrow. The virtual heights usually observed ranged 
between 150 — 170 kms. approximately. 

(Hi) Reflexion from the level corresponding to this region were detected 
usually during the daytime. Occasionally, however, echoes could be obtained 
also in the night though these latter were somewhat irregular in occurrence. 

.S STUDIKS of K KOI on V IONIZATION 

Measurements of the ordinary ray critical frequency for Region were 
made simultaneously with Region Ei- The results obtained are presented in 
this section. 


(a) Diurnal Variation 

The average variation of the critical freiiucncy from midday to midnight is 
plotted for each month from May, 1936 to April, 1937, in figs. 12 and 13. It will 
be evident from these figures that the maximum ionization was observed distinctly 
after noon in most of the months. In fact, in the summer months, the records 
show that the maximum was deferred till a little before sunset. As winter 
approached this afternoon maximum became less and less pronounced until in mid- 
winter (December) the maximum appeared to occur near noon. It seems as if 
the time of diurnal^ maximum tends to shift towards noon as the snu recedes 
away from the zenith in its annual course- 

These results are evidently not in accord with the observed as well as the 
theoretical variation of ionization for Region Ex- It should be remembered, 
however, that Region Ex and F2 differ from one another both in location as well 
as in physical conditions. It is, therefore, interesting to see i£ these differences 
modify the theoretical v (p curves in such a way as to correspond to the observed 
variation of Region F2 ionization. We have already mentioned that a number of 
such curves appropriate for Region F2 at a height of about 300 kms. are available 
in MiUingtoiFs paper.® An examination of figs. 4 to 6 of this paper will show 
that for the latitude of 20°, v attains its maximum value more than two hours 
after noon both in summer as well as at the equinoxes while in winter the maxi- 
mum shifts appreciably towards noon. These curves are for equal to i. It 
may be seen by actual calculations that as cto is increased beyond unity, the time 

^ Strictly speaking, the inaximgni of the period between midday and midnight, 
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of maximum is more and more deferred towards sunset. P'or o-f, equal to 2 and 
for latitude 20“ the maximum value of v actually occurs near about sunset at the 
eciuinoxes. It ought to be noted in this connexion that taking No equal to 10” 
electrons per c.c., the value of <ro = 2 requires that « should be equal to 3*6 x io~^^ 
cm.'^ per electron per sec. This value of « is not at all unreasonable as may be 
judged from other considerations which we need not discuss here. 

We thus see that the occurrence of the diurnal maximum in late afternoon 
can be explained on the basis of Chapman’s theory. But there are certain features 
of the variation of Region Fg ionization which this simple theory is inadequate to 



Pig. 15— Seasonal variation of Region Fj critical frequency. 
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account for. Wu may, for example, cite the two maxima observed by various 
investigators in the diurual and seasonal variation curves. 


Seasonal Variation 

Figs. 14 — 1/ represent the seasonal variation of Reg ion F 2 critical frequency 
for the ordinary ray for four different hours of the day and night. It will be seen 
that the plots are altogether different from those for Region Ei depicted in 
figs 6 — 9* The critical frequency values show much greater day-to-day variation. 
Further, the general nature of the seasonal variation is quite different from what 
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PLATE XV 



Fig. 18 -Anomalous rcllcxion cocllicicnt ot region F._. 



Fig. 19 — Magneio-iomc douhlc-splilting. 



Fig. 20 -Complex echoes. 



Fig. 21— Complex echo appearing as evidence of triple-splitting. 
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,ie would expect from Chapman’s simple theory. Instead of the expected maxi- 
11 am in summer, there are two distinct maxima in the whole year, one in April 
lid the other in November for the midday (Fig. 14) and the 1600 hours (Fig. 15) 
..rjtical frequencies. But for 1900 (Fig. i6) hours the two maxima are apparently 
u placed by a single maximum in early summer. As regards the midnight values 
ib'ig. 17) the day-to-day variation is seen to be most marked making it very difli- 
rnll to form any idea as to the nature of any seasonal variation. 

(c) Reflexion Coefficient, Magnetic Splitting and Complex Echoes 

The intensity of the echoes reflected from Kegion F^ increased enormously 
ironi day to night. The abundance of multiple reflexions fiom this region during 
■aid after sunset, the occurrence of anomalous values of the reflexion coefficient 
(values greater than I ) at the approach of darkness are all features in common 
with Region Hi. In figure 18 (Plate XV) are reproduced photugraidis of echo 
patterns depicting this phenomenon. 

Magneto-ionic splitting of the F-echoes was very frequently observed special- 
ly during the night time. The amplitudes of these components were comparable 
to one another, except when one of them was about to disappear. Figure 19 repre- 
sents photographs depicting this phenomenon. 

Some times complex echoes of the type discu.ssed by Appleton and Builder^ '* 
and others were observed at night. It was very difficult to ascertain the respec- 
t've heights of reflexion of the several components constituting the complex 
group on account of the fact that their intensity fluctuated very rapidly. Second 
order reflexions of such complex groups were also frequently obtained. These 
complex reflexions sometimes iicrsistcd over considerable frequency ranges. For 
example, on February 12, 1937. at midnight, a complex group associated with 
its second order reflexion was observed over a frequency band extending from 
2 08 to 9 0 Mc./sec. although the amplitudes of the reflexions gradually decreased 
and some of the components actually disappeared as the frciiuency was gradually in- 
creased. In figure 20, photographs of such complex echoes are reproduced. 

Occasionally, complex echoes having a structure comparatively simpler than 
those discussed above were also noticed. One such record, for iustance, 
obtained on October 14, 1936, at 1900 hours on a frequency of 6-3 Mc./sec. 
showed that the group consisted of four components, all of which were relatively 
steady in intensity. Measurement of the equivalent heights corresponding to these 
four components revealed that these were 335, 360, 398 and 4 50 kms. respective- 
ly. Sometimes three distinct components were visible on the screen which may 
be easily taken as evidence of triple splitting claimed to have been first observed 
by Toshniwal.^^ Figure 21 represents a record of this type obtained on April 9, 
T937» at 1900 hours on a frequency of 375 Mc./sec. We cannot, however, 
•vay definitely whether this was due to magneto-ionic triple splitting or due to 
partial reflexions from three distinct ionized strata as we had no means for testing 
the polarization of the individual components. 
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id) Jonizaiion of Region Fi 


Kcilexicms from equivalent heights ranging from 190-220 kins, were fre- 
(jiicntly observed ill course of our investigations. These echoes are believed to 
have been returned from Region which ^is sometimes called the lower shelf 
of Region F/' Although observations on this region were not included in our 
regular programme, we made occasional measurements of the critical frequency 
of this region. These records show that the ionization of this region was consi 
derably greater than those of Regions ll\ and E2* In contrast with the pronounced 
seasonal variation of ionization of the main Regions Ei and F^, the average 
midday ionization of Region Fj did not show, on the whole, any marked variation 
throughout the year. We, liowever, make this inference with some hesitation\ 
bearing in mind the insufficiency of data in our hand. The critical frequencies at 1 
midday varied from 6 to 8 Me. /sec. approximately throughout the year. 
Reflexions from this region were observed both during the daytime as well as 
at night, 
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DYNAMICS OF THE PIANOFORTE STRING AND THE 
HAMMER. PART III. (GENERAL THEORY) 

BY MOHINIMOHAN GHOSH 
Burdwan Raj College (Bengal^ 

(Received for puhlicaiion, July iq^q) 

ABSTRACT. Tlie (lynainic.s of the pianoforte string ami the elastic hammer hashecn 
w orked out, following the operational method, that was developed in parts I and IT. Here the 
method has been extended, to cover the mo.st general case, when the e.la.slic. hammer strikes 
lit any point of a string of jniiie length. This is the exact problem relating to the acou.stics of 

llie pianoforte string, and no fiuitful attempt was made previously, to slovc it. The general 
expressions fort he di.splaccraenl of any point on the string, and the pre,s.snre exerted by the 

liaimner during impaci, are given. The time-displacement shadow-graph of a point, on the 
shorter segment of the string was taken by some of the previous workers. It is found that 
there are smaller kinks, superposed on the hump produced by the impact of the hammer on 
the string. It is a clear evidence of the excitation of vibration in the. shorter segment of the 
string during impaci. but the theories given by the previous vrorkers, fail to explain the same. 
Using the data supplied by Banerjee and (languli {Phil. Mag., 7 , 347, Kjay), in the theoretical 
expression of the displacement obtained in this paper, time-displacement curves are drawn. 
Tliese curves are found to be identical in form and in the number of kinks prc.seut with the 
>h.n(l(iw-graph obtained by the experiments cited above. This shows a remarkable c|uantitative 
agreeinent of the theory with the experiment. Further the values of the duration of contact 
woiked out. for some particular cases are found to be in very good agreement with those 
obtained experimentally. 


INTRODUCTION 

In parts I and II, the dynamics of the pianoforte string struck by Iiard ^ or 
elastic 2 hammer was built up. However only the cases in which the hammer 
strikes near the end of a semi-infinite string, and the mid-point of a finite string, 
were considered. In the present paper, the dynamics will be extended to the 
most general case, when the hammer strikes at any point of a string of finite 
length. It should be of course noted, that, this is the actual case of the pianoforte. 
Previously P. Dass and R. N. Ghose studied the problem of the pianoforte string 
and the hammer theoretically, but none of them was able to solve the exact 
problem. Das “ considered, that, the effect produced by the hammer when it 
struck a finite string, at a point, dividing it into two unequal segments, was equal 
to the sum of two partial effects, produced by the hammer on two semi-infinite 
strings by striking at finite distances, which were equal to the two segments 
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respectively. But this idea of Das as was shown by the author ^ previously, 
leads to results, different from that of Kaufinann, in the case when the struck 
point divides the string into two equal segments. The difference appears after 
the time, equal to the period of free vibration of the string, measured from the 
beginning of the impact. The difference evidently, arises, because, the above 
idea of Das does not incorporate the effect, equivalent to the coupling of the two 
segments. In other words he has completely ignored the effect of successive 
reflections of the waves from one end, which had already suffered reflection from 
the opposite end. R. N. Ghosh has recently made an attempt to study the 
vibration of the loaded string excited by impulse, where he also ignores the : 
coupling effect of the two segments. 

The i)owcrful and elegant operational method adopted here gives the 
complete solution of the exact problem. 

EXPLANATION OK THK SYMBOLS USUI) 

/ — Length of the string — a + b. 
a= Shorter segment of the string, 
h — Longer segment of the string. 

/ = Variable time. 

# 

.X — Variable, measured along the length of the string, the string is fixed at 
A' — o and x = L 

x\ —x-a. 

y = Displacement at any point at the string at a given time t. 

3'rt — Displacement of the struck point, x — a. 
y 1 = Displacement at any point A'<a. 
y.2 = Displacement at any point 
Linear density of the string. 

Ml =Mass of the shorter segment of the string = 

M2 = Mass of the longer segment of the string = 

M = Mass of the string = p/ — Mi +M2- 
;/f. = Mass of the haiimier. 

r = Velocity of the transverse wave motion along the string. 

T = Tension along the string = 

(-) — l^eriod of the free vibration of the string = 2// c- 

' r I 

C i 

“Velocity of impact. 
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J^mVo ■ 

M==^The compression of the liaiimier. 
z = ya'^^^ Displacement of the hammer. 

E = Elastic constant for the material of the hammer. 
P- Pressure exerted by the hammer. 


D“ Operator 4 • 
dl 

The equation of motion of the string is, 

dS' d^y 

th-’ 


which is ecjuivaleut to, 


d'^y 

7/.v^ = 


The clastic hammer strikes at 
he struck point, we get, 


and if is the displacement of 




... (l'2) 


D(/-a) 


3'2".V 


... (1-3) 


The effect of the ela.stic haiiinier on the siring during impact is same as tliat 
(jf a hard load backed by a weightless spring, the ijrcssiire P exerted by the load 
is given by, 

P=)ii. - ~^= — lin (By Hooke’s law) ... (19) 

dl‘‘ 

and subsequent motion of the load is given by the equation, icj. eq. 2) 


d^z _ A / dy 
d/2 \ dx 


... (19- 1 ) 


where, , 2 = y„+« (^9 '-) 

Now with the help of eqs. (19-2), (1-2) and (1-3). eqs. (19) and (19-1) can be 
\'ritten in the form, 

+ ^coth +coth j y« ... {20) 

friD^ya,~^ (niD^ "I” It/) u — JJ). ••• (201) 
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On solving the simultaneous eqs. (20) and (20-i} for y^. and u we get, 


>« = 


u = ( coth — - + coth 


F(D) 

Db ’\ D v,r 
c ) F(D] ' KC ’ 


(21) 


= X 

Kc 

T_ 

' Kf ' 

where F(D) = 1 ) + 

/ 


coth — ^ +coth — )D ya- From eq. (21) 


' ,, Da j ,, D6 \ , 

coth -H-colh^ — Ya, 

I r c 


(2I-l) 

(21-2i 


X.. D-^ 'i' 

lu' 


.1 n DJi 

coth -I coth 


me 


4 


P . D- I- ^ 

lu' me 


>so 


— iQ + p )( - 1)^*1 “ 0^2 i ~ r )0 \ 

I’,, ■;' (i -r ' - f “ t f ) 


(2I-3i 


D,D2 


(q ^±).^ 
DxD2 


DiDa ■ ( 1^11)2 i 

The general term (/.<?., the r' " term) of the multinomial expansion of 

i q f p) D iq + t’) D ,~IJ^2„ ^ _ _1 ( 9 _L£LP \ 

’ DiDo ■ D1D2 ■ "DiDs' 1' 


(48) 


IS 


r(..+)8+y+i) j la-1 />)D „ 2<q+p)Dl^ -oU0i+(ie.2 \ y«) 

'!> ) i).r (,/3 + i).r(7 + j) ) 0,1)2 (■ V D.Da T 


... (40) 


where r — o. + /i-\y^ andDi = D"^<j, D 2 = D + ^,’- (j and -p 

being the roots of the cq. D® + - D + — = o 

2 T m 


On multiplying the above by 

(a+1ljK 

Dibs \ 

and putting different values for a, /?, y from zero to any positive integer and 
collecting the useful terras which will occur within the time / = o and as 

hatiiiner always leaves the string, long before t-2&, we get from (48) [rid^ 
appendix (2), Part II], 
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•a=/l + (/a~/l)e ’M/s— /2)e + + (fnil~f»)c 

+{h-h)e~^^^-^ + + /„)e " ^'”^2 

+ (2/9 + 4/2 + 2/l)c 

+ '3/4 ~7/3 + 5/2 “ + (4/r. ■ 10/4 +8/3 - ayo)e i’(^* + 26'i) 

-t- + {01 + 2)fn ■ ;i - ( 31 ; * 4V» - 2 * (3« I' 2)/« i ) ~ Ilf ■n}i' 

+ tli, -7h + 5l. - h '<■ + Ul: ~ K,/. + »h - 7hlc - 

+ + { (ll -t 2)yn 1 3 “ (3W + 4)/»> I 2 I' (3« 2)/n 4 [ " Hy» fc 

+ (6/5 - 18/4 + 20/3-10/2 + 2/1 )c ... ( 50 ) 

whore [%>ide appendix (2) Part 11] 


jn stands for /„(t) 


^ {q + prD”Zl ,, 

i)i”D2” 

With the heli» of appendix (2) Part II, eq. (50) beeonies, 


■•• (51) 


ya=fl{t) + S[/«H (/-)l^l)-/« (t-n^|)]+ S [ 7 «.i {t~n02)-fn (l- 11(^2)] 

+ 2/3 (t -®)-4 /a (t-®)+-2/i (t- 0 ) 

+ sr(w+ 2)./n43 (f-0-n^])-(3« + 4)-/n.2 (<~®-ntf,) 

+-(3n + 2)./mi (t“®~»^i)-n./*i (/-®-w^i)J 
+ S[(n+ 2 )./n + 8 (t ~® ~ (3W + 4 )-/" + 2 (t~®“W®2) 

+ ( 3 n + 2)/«,i {t-&-n 02 )-n.f„ (t-Q -nO^) ] 

+ 6/5 (f- 20) - 18/4 (t -2 0). + 2O fs (t- 20 ) 

— 10 /a (t“20)+ 2/1 (t-20). . (52) 

Eq. (52) is the general expression for the displacement of the struck point 
hiring impact. 
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where 'Dy„=-y'a , aud from eq. (50), 

+ (2/'3-4/'a + ^/'iK 

+ 2) (sn'mI/'-ms ^^ 3 " I- 3)/,, , ] -- + 

— DfH + 71617) 


-I i;['(7 i+ 3) , 3“ (3» ' 4)/'«‘3 + (3” ^-2)/',j,i nf'„]c 

— n o (h) 

+ I 6 /'r, - l8/'o H- 2o/'3 - lo/'y ^ 3/'iJc 


T 


and ^Icoth 


D<i 


+ colli 


1)6 


:'J' 


1 1 


••• ^sV) 

\ 

••• Css^'i 


Now wiih the help of cqs. (5/1) and (55), aud after collecting useful terms 
that will occur during the interval l = o and f = 2l^eq. (53) becomes, 

-' 2 <rs-i' 2 )e 


•I S{(h -I- 2)/',, . 3 -- 2(11 H)/'« . 2 + '«)'n + l}c 
I 1- 3V'»i '3 3(11 + l)/'„ 2 + ' l)'-' 

+ (6/'5-I2/'4 l•<S/3-2/'2)e ] . 


i)(0 + n 0 ^y 

l)(H + 7162) 


Or with the help of appendix I'a Part II, 

^ P-. JlI. [/,(/)+ vy,„ ^^(i-nh) + -/'« 1 X it - nfi^) ^ s/'a ' i 
c 

4 S{(n+ 2)/'fl , 3 (/ - 0-n6i)-2(n f i)/'m 2 

+ 7i/'«n 

I a)/'r,3 (/ -W-7162) - 2(11 -I l)/'n I 2 (1 ~ ® ~ J16.2) 

) h/'i; 1 1 (/-O - 

+ 6/' 20) -- la/'^lo 20)-t Sy'3(i — 20) — a/2(i ~ 20)] . ••• (sd) 

The eq. (56) gives the gcneial expression for the pressui'e exerted by the 
liiimmer. It is evident that any function in the above general expressions will 
iijqiear only from the time obtained, by equating the corresponding argument to 
/.ero- This will be easily nnderstood by considering some special cases. 
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(j) The haiumei slrikes ai the iuid-poini 


Here tt= b and b = 2a which gives 0i=0^— ~ and we have from cq. (52), 

2 

:Va=/i(f)'i’2S[/M, i(f- j„{l- 

+ 2/3 (/ - W) - 4/2 (/ - H) + 2/1 it - H) 


4- 2 2 I (JI + l)/»M .s(t- <"■> (3” +4)/*! ' 2(< " «''')) 

4- ( 3 « 4- 2)/« , j (/-H- J 16 ']) - H- n6'i)} 

4- d/sfi- 2 W) - 2 H) 4 2oi-iil- 2 H- jo/giZ-aW) 

I 2 /i(Z- 2 H), 

S H 

as the imiiact terminates during 2 W < Z < ‘ ; whence we get, 

2 

0 < Z < Z^l, 


0i< t < 2<?1, 

= {0 < t < ZZ]) ! 2/2fZi)-2/i(Zi) 

where fi=Z — 

2^1 < t < 3^1, 

ya = ya, (< 9 i < Z. < 2^1) 44 / 3 (Z 2 )- 6 / 2 (Za) + 2 / 2 (Z 2 ). 
where Z2 = Z — 2^1. 


(57) 


(57-1) 


(57‘2) 


3^1 <t<40u 

ya=ya, { 2 O 1 < i < 3^i)4-8/4(Z3)-i6/3(Z3)+I0/2(Z3)-2/i(Z3). 

where Z3 = Z — 3^1, and soon. 

The expression for the pressure exerted by the hammer is obtained from 
the eq. (56), 

- P = -231 [f < , (0 + aSf „ . 1 (Z - nZ?, ) + 2/'3(Z - ®) - if sit - B) 
c 

-H 22{(tl *+ 2 )fn f .i(^ ^ 2(11 + l)fn * 2^^ I ) 

7? + 1 I ) i 

+ 6/'5U-20)-i2/'(^-ae) + 8/'2U-2e)-2/'iU“2e), ... (s8) 
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wJionce the cxprossion foi the [wessure at difl'erertt intervals are easily obtained; 


Pi= -- flU) 

c 

... (58-1) 

Po = P,+ /'2(l2) 

c 

... (58-2) 

it hfadgl-iad-?)! 

c 

••• (58-3) 

P^-P:,+ i'^' [ 4 /' 4 d 3 )- 4 /':i/ 3 ) + 2 /'od 3 )] 

/• 

... 158-4) 


and so on. 

in) The haninicr strikes at & distance a from one end of the string, other 
segnient b is taken to be very large ; so when b is taken' to be infinite compared 
(o a, eqs. (52) and (56) become identical with the eqs. (29'4) and (32) (vide 
Part 11). ' 

ini) The hammer strikes at a point away from the centre, i.e,, when 
a < b < 2a we have, 

.ra=/i(/). o</<0,; 

ya~fi(0, +f2^h)~fx(h)> ■■■ 

ya~ii(i), "^ 2 )- 

+ )sih)‘“f2(i2)r--20i < t < 0; 

as 2/ < 4b < 6a 

ya=/l(0, +/2(^l) “/l 

+ + 2 / 3(1 - 0 ) - 4 / 2(1 - 0) 

+ 2/i{l-@), ... 0 < 1< 2^2; 

y«=ya(0<l<2^2)+/3(l“2fi2)-/2(t-202), ... 202<t<3®l (SQ) 

and so on. 

From 6(1. (56), the corresponding expression for the pressure exerted) by the 
hammer are obtained as follows : 

Pi= — /']( 1 ), during o<t<0i ; 

c 

Po = P,+ "''^/'adi) 


c 


Oi<l<e^ ; 
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P3=Ps+ —faU-^ 2 ) 
c 



P4 = P3 + -— /'3a2) 
c 

z6i<i<e-, 


Pft = P4 + [fait - 0) - @)], 

0<<<2(9.2 : 


Pc = P.S+-^/'9a-2<92). 


(60) 


and so on. 

(nO The hammer strikes at ^ which gives / = and <i — an. ,Suh- 

' 3 

stitirtitig these values of I and b in cq. (52) and (56) 

:Vn=/i(t), during o«<^, ; 

3'« =3'a(o<t<#i) + /2(/i)-/i(/i), ... t^i<l<20\-, 

3 '«=>'«(^l«< 2 a)+/ 3 (tj)-/ 2 (/ 2 ), ... 2 (?i«< 3 ^i ; 

ya=3'«(26i<i<3®i) + /4(tn) + /«(<»)" 4 / 2 '^' h). 

+ 2/i(/,!), ... 3 '^ 1</<|'^1 • (61) 

and so on. 

And the corresponding c.Kprcssior.s for the pressures are 

Pi= 


P 2 =Pi+— y' 2 «i). 

c 

c 

P 4 = Pa + -?~/'4«3) + ^[/'3«3)-/'2(<3)] ••• ( 62 ) 


and so on. 

In this way, we can find out the expressions giving the exact value of ya and 
P when the hammer strikes at any point of a finite string. Thus the problem is 
completely solved. It nuiy be lioted here that none of the previous theories 
known, could soIv6 this problem completely except some special cases, 
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DTSPIvACKMHNT AT ANY POINT DURING IMPACT 
ON THE FINITE STRING 

Now expressing the right hand side of the eq. (1*2) and (1^3) in terms of 
equivalent exponential, and expanding we have, 


yi=ya . ^ 

r = l 


^ (xi -'/-i . 2a) (xi I r . 2a) 






y^-yn 


r = ] 


— (x ] H r T .2b) (x 1 + r . 26) 




... (63) 


Substituting the value of yu, the displacement for the struck point, from 
eqs. (52) in eqs (63) and collecting the useful terms which will occur during the 
interval / = () to / = 2H, we have 


r 1 =/i ( / I f ^ ^ ^ 


+ ^[/w h 1 jf i + “ nO.2 


■*' I/2 ”/) I 


+ |2/;,-4/;5 + 2 /i](/ + -''-B j 


V 

I [2/:.-3/s + '-<">-^2 jj- 

+ (»i + a)/„ , - (371 + 4)/„ + 3 + (371 + 3)/« , 1 - n/„ J H - 7I<^1 


+ f t — 0 — nOij 


~l' 5 [(?! + 2 )fn i .s ” (2 a + 3)/v» 4 2 (” ‘I’ i)/v> + 0 i 


“I i — — P) — ^ ^ g j 

V c 


+ ^[/« 1 2 “/w + l J jf ^ — W ^2 


c 
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-I- [6/.-, - i 8 fi + 20/3 - IC1/2 2/1 ] ( H- ’ - 2(-' ] , 


... ((),]) 


and the value for V2 is same as that for .y , but we arc lo read -xj for.vi, for 
^2 JUid ^2 for ^1 . 

The expressions within the first bracket u-prcseiits the arguments of tlie 
functions within third brackets, as, 

j:l\ I — (1^2 


= L.J I nff, ]-fJ +/„,! h I ) 


~jn{ t + ' ’ - nOo 


its) 


If we put .v = (t, x\ -(> in the expressions for .V| and y., as in eqs. (6,^), 
each of them is reduced to the expressions for 3',, as is given by the et). (52). 

In the above extiressions (vide etis. 52, 56 and 6,-1), ^ does not represent an 

<n 

.sTrici- but is used as an abbreviation in working out a finite number of 
terms, that will occur during dilTercnt intervals, so long as the hammer is in 
contact with the string. 


vS r R C 1 A L CASKS 

When the hammer strikes at a finite distance a of the string from one end, 

/) being the other segment of the string of length I which is taken to be veiy 
large, we put h— >cv), /— >cv in eq. (64), and in the corresponding eqs, for and yi 
.I’g. We get during the first interval, 

and 

during second interval, 



8 
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(luring third interval, 

+ * ’ -2(9i 

.V2 = yi(/“ j + + - 2 O] ^ 

- 219 ,^ •■• ( 66 ) 

and so on. 

When the hammer strikes at the niid-poinl v\e must put a = b and /“2a in 
the general expression for vi and ;V2 given by ccj. (64). 

From the above values of yx and 3^2 we find that the string sets in vibration 
as soon as the hammer comes in contact with the string. The fact t]iat the 
shorter segment of the string vibrates during impact was observed by Kaufmann, 
Banerjee and Cianguli^’ and afterwards by R. N. Cxhosh. Tn addition to the 
hump due to impact of the hammer, it is found that, there are smaller kinks super- 
posed on it. This fact proves, that, the vibration is started in the string as soon 
as impact begins. R. N. Ghosh in order to explain the existence of the kinks 

added an arbitrary series S P,, sin sin^^^ to the expression duly obtained 

a a 

for yi with the assumption of Kaufmann, that the shorter segment behav'es like a 
rigid rod during impact. His explanation is, however, not complete- 

The present theory explains the kinks quantitatively, the displacement of 
any point x for different values of t, within duration of impact, is calculated from 
eq. (64). Here we calculate for some particular cases, for the string struck by a 
hard hammer only where E is taken to be equal to infinity, as sufficient data for 
the elastic hammer are not available The different values of yi in arbitrary 
units, are plotted against the (Corresponding values of cl as the magnification of 
the time displacement curve obtained by different experimenters are never given 
in their papers. From the graphical representation of the same, we shall at 
present be able to study, the exact form and the number of kinks developed 
therein, in addition to the hump due to the impact of the hammer. The study of 
the harmonics present in the vibration set up during impact will be repoted in a 
different paper. 



yi=f\ 




+ /2M |+/a 





Figure I represents the time displacement curve for 111 = 21.2 gms., ff = 
‘t»5 gni./cm., cm./sec., ^ = 2*75 x 10"^ cm./sec., ^ = 50 cms.,|f-6oo cms. 

V — 25cms. Here it is found that the impact terminates before any dLsturbaiice 
from the remote end overtakes the hammer. 


Figurk 2(a) 



80 160 240 

>ct 


Figure 2(6) 
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B,„erjeeandGa.,uIi'‘ have supplied experiiueulal data and photo, r,,,,h.s 
fP7,ur:.a 5 of their pa,>er^vhich are used iu iesimg the theory. TUy 

have used a stria, 240 cu.s. lou,' aud of mass r6V, gms, stretched uader tensi,.,, 

ro.yo3 kiHogranmies. The ligure (7) in the paper cited, is the djsplaceruent-tin,.,.. 
shadow-graph for a/ = 134 gni-, .v=2o cm., rt=40 cm. The value of a is not 
given in the paper but is obtained from the latter author in a private consultation. 
Figure (2(0 of this paper represents tlic same in arbitrary unit. Here we find witJi 
the help of eq. (6/4), that there exist four legularly arranged prominent kinks similar 
to those given in tlie photogra]))!. Figure (26) is the pressure time curve of 
the hammer whence the value of the duration of impact is found to be equal to j 
'o2i sec. and the value obtained expcrimeiitaliy is '0205 sec. This shows a veiy \ 
striking agreement. It is found that no disturbance from tlic remote end over- 
takes the hammer before the impact terminates. 



Figure 3 

Figures (3) and (^(t) of this paper correspond to shadow-graph (4) and (5) in 
the paper cited above for ni =46 gins, and for a=25 cms., x‘ = i7 cms. and 
a- 32 cms., a:=^ 25 cms. respectively. Figure (3) is drawn only up to ct= 150 cms. 
Here also the hammer leaves the siring just before the disturbance from the 
remote end overtakes it. But in the case represented by figure (4) the hammer 
leaves the string long after it is overtaken by a succession of disturbances from 
the remote end. The figure (^h) represents the pressure time curve of the 
hammer, as given by the general expression (56). The duration of contact of the 
hammer as calculated gra])hically is '0364 sees- and the corresponding observed 
value is 0369 secs. But if wc on the other hand ignore like Das, the effect of the 
disturbances that overtake tlie hanuiier from the remote end, the pressure would 
have terminated to zero at the point A instead of at the point B. The corres- 
ponding duration of impact would have been '9314 secs. This is too low a value. 
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;.'uriher, the number and arrangement of kinks represented in figure (4a) arc same 
tliose given in the photograph (5) of the paper cited. 



128 256 384 

— 

Figure /|(6) 

My best thanks are due to Prof. K. C. Kar, D.Sc., of Presidency College, 
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ABSTRACT. Assuming tis in the theory of hVjnid viscosity by Andrade that the inolcc.ilcs 
nf a liquid at its melting-point continue to oscillate with Lindenmtin frequency y, the surface 
tension y of a liquid is here considered to be given by tihe energy of tlic oscillating inolecnles 
in unit arm of its .surface of nniniolecular thickness. The relation to which this assumption 
leads, viz,^ where m is the mas.s of the atom or molecule, has been examined in the 

light of available data for fortyhve substances including elements and compounds ; and it is 
found that the constant k has a mean value 2 '34. P/Xperimental results, whi('h show that 
viscosity influences the rotational wings *’ in light-scattering, necessitate a view-point of 
viscosity independent of relative motion; assuming tentatively that the tolal niomentum 
transferred per oscillation by the molecules across unit area gives the value of vi.sctjsilA', and 
inserting the value of obtained from surface tension data therein, Andrade’s expressioji for 
viscosity is shown to follow quantitatively. The variation of .surface tension with temperature 
is explained on the ba.sis of Macleod’.s relations ; several empirical relations lequiring verifica- 
tion have been obtained. 

Attempts at explaining the plieuomena of surface tension in liquids from 
the molecular standpoint have been made by a number of investigators.^ Any 
satisfactory theory of capillarity should ultimately be capable of explaining 
many of the well established empirical relations. Andrade® has put forward 
an elegant theory of viscosity based ou the fact that substances at their mclliug- 
I'oints possess certain properties characteristic of the solid state ; the molecules 
for instance are considered to retain at their melting-point their oscillations with 
the lyindemann frequency. An approach to the study of the liquid state from the 
solid state is e.ssentially correct ; for the viscosity of liquids like the rigidity of 
Solids decreases with rise of temperature ; on the other hand the viscosity of gases 
increases with rise of temperature. Again in the study of capillarity the 
solid and the liquid alike have free surfaces of their own- Thus in developing 
a theory of surface tension in liquids we assume — ^an assumption that has been 
amply justified in the viscosity of liquids — that at the melting-point the molecule 
continues to oscillate with the Lindemann frequency about a slowly displaced 
e(iuilibrium position. The energy of the oscillating molecule is on tfie average 
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equally distributed between the kinetic and the potential energies. Now let us 
assume that the surface tension of a liquid can be defined as being equal to the 
total energy of the molecules in a surface layer of unit area of uniniolecular 
thickness. The correctness of the assumption can only be established by the 
results deduced therefrom whicli are capable of experimental verification. A 
preliminary note in support of our assumptions has already appeared in Nature.^ 

( )n the basis of the assumptions made above^ the surface tension at the 
melting •'point, 

y — i27T(ivy^ 

1 sq. cm. 


where ^r^niean distance between two molecular centre-^, 

o — amplitude of vibration, 

V — Lindemann frequency, 

— mass of the atom or the molecule. 

Assuming that — is constant we get 


i' = A’ Vy/ /// 

Calculating the Ijndcmann frequency^ both for elements and compounds from the 
relation v= 2'8 X 10^ ^ , where T, is the melting-point, V the atomic 

or the molecular volume, M the atomic or molecular weight and dividing the 

frequency so obtained by \/ — we gel the value of k: 

1)1 

/.■ = 2'<SX _ / \/x ... (i) 

MV^'' ,/ 

Table (i) gives the value of k calculated from (i) and shows that it is fairly 
constant with a mean value of 2 '3.1. 

Since =N (Avagadro number) and is constant, it follows that 

)ti • 

T 

— ' = constant = , 

yyi y^i n 

Similar results have been obtained from entirely different considerations by 
Weng Wen-Po.^ 
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Surface Tension and ILindemann Frequency 

Tablk I 


1 

SI. 

Substance. 

Lindemann 

\' ni 1 


No 

. 

frequency ** x 12 




Antimony 

3 ‘‘HI 

1 

1-32 

2 '27 

- 

Oxygen 

i‘7 

0 71 

2‘4,^ 


Lead 

I ■84 

1-14 

I 61 

A 

Tin 

224 

1 59 

1 '40 

.S 

Mercury 

i ‘25 

I'jg 

u-gr 

6 

Cadininiii 

3 f * 

I *84 

C63 

1 

Bismilh 

1 50 

1^,5 

' 53 

S 

Gallium 


176 

1-42 

y 

Zinc 


2-61 

1 65 

lo 

Silver 

4 '.36 

2 ' 1 2 

2'o6 

n 

Gold 

3'4^' 

'75 

1 '94 

1 ? 

Copper 

(->■70 

324 

2 (,7 

13 

Polassiuiii 

2‘3f> 

2 ‘52 

o-gi 

1-1 

Soiliiini 

3 '96 

2 ‘ 75’ 

1 42 

15 

rhilinnni 

1 39 

-3K 

CR3 

ih 

Argon 

I '32 

^>‘45 

2 '95 

17 

Rromine 

170 

o’52 

3‘25 

i,S 

Chlorine 

2 ”24 

'>■75 

2‘9S 

If) 

Hydrogen 

4 '39 

132 

3‘3i 

» 

Nitrov>en 

■•■50 

I -94 

I "29 

> I 

Sulphur 

3*96 

I '06 

374 

T T 

Selenium 

270 

"71 

3*64 


Helium 

.,•66 

"■23 

2*87 

2] 

vSilver Bromide 

r76 . 

"‘63 

1 2‘8j 

25 

Calcium Chloride 

2 37 

f)‘gr 

1 2'6o 

26 

Barium Chloride 

1 1-47 

□ 71 

2'I3 

/ 

vSilver Chloride 

2‘T4 

973 

2 '93 

2S 

Lithium Chloride 

4-2Q 

T '40 

3 “06 


Sodium Chloride 

4‘oo 

I '09 

3'6S 


Sodium Bromide 

272 

n 78 

3'44 

V 

Potas.sium Chloride 

3 ’13 

( ,’88 

3'54 

32 

Potas.siuiii Bromide 

^’*34 

o'66 

3 ‘54 

33 

Pnipyl Acetate 

.>77 

(,■40 

C93 

34 

Methyl P'ormate 

I ‘20 

o'34 1 

3 57 

35 

Propyl Iodide 

o‘6i 

o‘27 1 

1 2'ag 

36 

Propyl Chloride. 

i o'SK 

ff’3R 1 

a'3i 

37 

Propyl Bromide 

o'72 

o’3T 

2 -30 

3R 

Pentane 

o'8i 

o’31 

1 2-37 

3Q 

Octane 

071 

"■35 

; 2 '03 

40 

Kthyl Benzene 

074 

0'42 

174 

4T 

Bthyl Sulphide 

o-8i 

u’42 

T'q2 

42 

Benzene 

1 19 

0-48 

2'47 

4.1 

Carbon Tetrachloride 

0-7R 

9'33 

2‘34 

44 

Carbondisulph i de 

r'oy 

"‘53 


45 

Chloroform 

o‘S6 

(.’38 

1 275 



___ .. — . - 

I 

‘ 


Effect of Temperature on Surface Tension - While the Liiidcnianii fieciuewcy 
is of the order lo^®, the collision frequency in gases is of the oidcr lo . Assum- 
ing, that in the liquid state the molecular frequency suffers a gradual decrease 
with rise of temperature from its value (Lindemaiiii frequency) at the raeltii g- 
point, Macleod*^ has shown that the frequency at temperature T, 
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where is the specific volume of the li(|uul at the melting-point, tt the specific 
volume of the liciu id at temperature T, Vo a constant. Since — To increases 
more rapidly than \/T, v-i decreases with rise of temperature. Thus the surface 
tension at any temperature, T, 


y^ oc 


Ih - Vo 
Tt “ V „ 


T ^ T . _ 

T, (tt-tJ-* 


(2) 


The value of T(, calculated from (2) is of the same order of magnitude as Tq 
calculated from viscosity data by Maclcod. 

Assuming after lidser’ that the energy of a molecule is inversely pro])ortional 
to the ;nth power of the mutual distance between two molecular centres, it follows ^ 
that — ' 


y r>c 


1 

a 


The distance between two molecular centres is in'oportional to where V is the 
molecular volume of the litjuid ; and hence 

yy a constant. ... (3) 

0 

This equation l•edacos to Sugdeii’s parachor when m = io, evidence for which value 
will he Riven in what follows. Again combining (3) with Kdtvds rule we get 

m 

V'"’ (T,. -T)= constant, ... (4) 

which gives the relation between the volume and temperature of a liquid below 
the critical temperature. Equation (4) readily yields for the value of the co- 
efficient of volume ext)ansioii at temperature T, 

m(T.-T) * 

wherein it has been shown previously by one of us® that agreement with experi- 
mental results is obtained wdicn m = io. It has also been shown that if o-q is the 
co-eflicieiit of expansion at o^^C, the critical temperature on the centrigrade scale 
is given by 

T,= . 

lOa,, 

2 

From Edtvds rule and (3) it follows that 70c (Tc -T) and according to 
Ferguson® the index is nearly 1.2, whence also it is seen that m should be equal 
to 10, A further instance is given later on, 
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A r r h I c A T ION or s it u v a c m t ic n s t o n d a t a t o 

V I S C () S I T Y 


Recent work on light scattering by Rainaii and Vcnkateswaran^^Mn four 
different liquids of varying viscosity has shown that increase of viscosity plays an 
important role in suppressing rotational “ wings ” accompanying Rayleigh lines. 
Itnhaiiced viscosity arising from increased concentration in solutions has also led 
to the same results ( 1 ,. vSibaiya & H. vS. Veiikatarainiah : in publication'. Visco- 
sity, which is therefore an inherent property of a liquid even when at rest, should 
admit of an alternative description apart ftoiii the one usually given on the 
basis of relative motion in layers. We shall assume that viscosity or the internal 
friction of a liquid is given by the moinentuiii transferred by oscillating molc- 
eiiRjs across a layer of unit area of the liquid to other molecules. Tht? shppression 
of the wings should then be traced to cases where the molecular rotation 
fiequency is less than the frequency of the momentnni-transfer type collision 
(21'). ( )u the bases of the assiiinptions made in the case of surface tension, the 

total energy of the vibrating molecule, 




the momentum in the equilibrium position v 2ml\ “ Assuming that the 
vibrating molecule transfers nionientum twice per oscillation, the total momentum 
transferred per oscillation is By the assunq)tion made above 

/ \ 


ATnntiv 
(T " 


/ O I )flV 

[0 I .r 


w'here fp’s the viscosity of liquid at the Jiiclling-puinl. iM'oni surface tension 


data 


^27riJi _ 1 

cr 2*34 


9 


whence 1/= . 

3 5 

A comparison with Andrade’s expression - — shows that the value of 

3 

deduced from surface tension data is essentially correct. 

If as before we assume that the energy of the oscillating molecule is pro])or- 
tional to — ^ , it readily follows from the above consideration that 


Tj oC 


I 


2 
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m I 4 

or »/V « —constant for a given liquid- 

Combining our exi>rcssion for surface tension with Andrade's expression for 
viscosity and with Sugden’s parachor it is easily shown that 

7 

constant, 

whence also it follows that m = lo. It can be shown that for any liquid, its svirface 
tension at any given temperature is directly proportional to ^^th power of its vis- 

cosity at the same temperature. These relations require verification. 

Our thanks are due to Professor A. Venkat Rao Telang for his kind en-,, 
couragemeiit; 
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LIQUID DROPS 

By L. D MAHAJAN, M.Sc., Ph.D., F.Inst.P (London) 

[Received jor publication, July 

ABSTRACT. A general luatlieinatieal relation between the life of (he >lro)i.'i floating on 
ihe surface of the same liquid and the viseo.sities of the mother liquid and of the surrounding 
medium is deduecd, vhich is applicable for all vi.seosities and under all conditions. 

Many papers’ Iiave already been piibli.slied by the author on the various 
aspects of the phciioiiieiioii of the liquid drops floating on the surface of the same 
liquid, but so far no plausible mathematical relation has been given between the 
life of the drops and the viscosities of the liquids and of the surrounding medium. 
In his previous paper on the theory® of the drops, three relations were deduced 
which are to be used for three different stages of viscosities. No single relation 
could satisfy the results in all the three stages But in this paper, the author has 
deduced a general mathematical relation between them which is a])i)licable in all 
conditions. 


DISC D S SION S 

The following observations are recorded from the Table I of the pa])er ” liine 
Tiieorie der Erscheinung Von flussigen Tropfeii auf der oberflachc derselbeii 
Flussigkeit,” Von h. I). Mahajan, Kolloid Zeitschrift, Band O5, Heft r(i()33), 
|)p. 20-53. 


Table I 


No. of observation. 

Life of the primary 
drops in seconds. 

Lift ol the secondary 
<lroi3s in seconds. 

Vi.'^cosity of the 
mother liquid (in 

C G. S.UniLsj. 

I 

1-2 

3-4 

0*013 

2 

2-3 

5-8 

u'ol8. 

3 

2-4 

4-6 

o'oig 

4 

3-4 i 

i 3-5 i 

0 023 

5 

4-5 

3-5 

i 0*029 

6 

about 2 

2-3 

0-045 

7 

1-2 

1-2 

1 O' 066 

8 

about 1 

almost no life 

1 o' 104 

9 

about 1 1 

no splashing 

0*223 

10 * 

nil. 

no splashing 

[ o ‘768 

1 
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These obsei vations show that the life of a drop depends upon the viscosity of 
the mother liquid and is independent of its density or surface tension. The life 
of the drop increases with the increase of viscosity up to a certain limit and at 
this viscosity the life is maximum. If the viscosity is still further increased, the 
life decreases with the increase of viscosity, till it becomes almost zero, and 
formation of the drop becomes impossible. 

A graph, if plotted to show the relation between the viscosity of the mother 
liquid and the life of the floating drop, takes the shape of a parabola with its latiis 
ractum equal to ‘ a,’ and can be represented by the following equation : 

(X-/)i) 2 =-a(Y-n) (ii| 

which can be shown by the curve given in figure i . 


Y 



FtCUTRK 1 

Now in the equation (i), ‘ X ’ can be represented by ' v ’ the viscosity of the 
mother liquid, and ‘ Y ’ by I, the life of the drop in seconds, hence we get 

(v — in)'^= —a(L,~ >i) ••• (2) 

where ‘ ni ' is the viscosity of the mother liquid which w'hcn used for the formation 
of the drops gives the drops of maximum life wliatever method for its formation 
is applied. Now if the viscosity of the mother liquid is varied (increased or 
decreased) the life of the drop decreases iu a certain order. Thus there are two 
viscosities at which the drops may have the same life. 

In equation (2), * n stands for the maximum life of the drop for the corres- 
ponding liquid, a’ is a constant cfepeiiding upon the nature of the method applied 
for the formation of the drops, the condition of the weather when the experiment 
is performed and the nature of the surrouudiug medium. From equation (2), 
we get : — 

a 


(3) 
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Whereas the following observations are taken from Table II, of the same 
paper as mentioned above. 


Tahle II 


No. 

of 

iltsfrva- 

tifui. 

Mot ho r 
liquitl. 

Viscosity of the 
mother liquid in 

C n S. ITnits. 

Surroiindiiij^ 

iiiodinni. 

Viscosity of the 
surroundiiij^ 
inoflium in C O.vS. 
Thiits. 

' 

Life of the 
primary tlrops 
ill sec. 

I 

WatiT 

t).nl 

Air 

1 '.S.'j X lo 

ahout tro,) 

- 

- 

1 

Petroleum 

( ) 

M 4 


1 1 


Anilint' al .so"C 

o-niSs 

1. 4 


1 I 

1 1 

i 

, .» 

O'O^c/l j 

,, ' 


1 1 

1 1 

1 i )live oil ill | 

I 

1 )'i ) jh7 

,, lo 

(-( 

» 1 

1 1 

! ( )li> r oil at ! 

1 1 

i 

i o’o6o/] 

M 1 - 

7 

» 1 

1 1 

: Olivo oil at 78^0 

1 

1 

,, 18 

s 

M 

• J 

; Olivo oil at 66'’C 

1 

! o.l.jhi 


1) 

1 » 

1 1 

i Olive oil al S4'’V 

1 


.. 50 


I'hese observations clearly indicate that the life of the drop depends upon the 
viscosity of the surrounding medium, and is directly proportional to it. Hence 


T V 


( 4 ) 


where ‘ V ’ is the viscosity of the surrounding medium. Hy combining (3) and (4) 
we get the general equation 


I. 




[v — m) 


1 


(5) 


where Vmr is the viscosity of the air. When there are two different surrounding 
media, we get ; — 


111 

I2 


V'l I n~ 

V., j w- 


I 

a 

I 

a 


fr I — w)® I 
{v.2-niyA 


(5a) 


where Vi, v{ and V2, Vg are corresponding viscosities for Lj and La respective- 
ly, and Vftir is eliminated. 
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(?) When 

r = m, 



L= „ and Y’ 

Vfiir Iy2 \ 2 

(6) 

(ii) When 

V = \\n 

f ' 



L = 1 Ii - ' (r - HI ) ^ [ 

■ (7) 


{ " 1 

{Hi) When 

V = Vaiv and v = m , wc get ; — 



L = ri 

• (8) 


In the ii]):>vc formula (5) the value of is to be found out either by taking ' 
known values of ' n/ * v/ 'in' and then calculating ‘ a,' or from the\ 
curve by drawing it for a number of observations, between ' v ' and ' ly/ ' 

The absolute values of the constants * a/ ' n ’ and ' w ' can be deduced from 
three observations taken with a certain liquid or solution, by varying its viscositS' 
as follows : 


The value ol ‘ fu 


Let L, and I/' be the lives of the clro[)s for the corresi)ouding viscosities 
7», t', and t", and let the surrounding inediuin be air. Then we get from the 
general equation (5), ♦ 


T “ *1 u - ~ (tj - n/ ) 2 

V;iir / a 


f5i 


when medium is air, — - (v - /a)^ 


and 


L' = n-^* 
a 


Therefore, Iy“-Iy'= - (v''^ — av'm-v^ + 2vw) 
a 

Similarly, for L and L", we get 


... {ga) 


ly — Iy''“ - + 2 X’m) 

a 


... (9b) 


Therefore, 


L ^ 1/ - 2v'ni-~v*^ + 2v 


m 


L — ly'' 7’"^ — 27 ’"m/ — 7*'^ + 21011 


ige) 


Therefore, from (gc), by crossmiul tipi icat ion and simplification, we get the 
value of m as follows: — 


m 


(L - V ) + fL ■“ v n (V- - r ^ ) 
- (ry-Iy')(^’-V'')"h(t-Iy")U/-lO 


(9) 
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The equation (9) gives the value of the constant ‘ m,’ i.c., the viscosity of 
the liquid, at which the liquid gives the drops of luaximum life, in terms of the 
known factors 1^, V, h" and v, v' and v". 


The value of ‘ h ’ 

Now, ill order to find out the value of ‘ n,’ the maxinmin life of the drop of 
the liquid at its viscosity ‘ m,’ consider the first two observations. I,et L, and 1/ 
be tlie lives of the drops at the corresponding viscosities v and v', the surrounding 
inediuni being again air. From the general equation (5), vve get : — 



" V,ur 

j„-i j 



= H- 

a 

(io«) 

Similarly 

L,'=n — 

a 

... (loh) 

From (loa) 

and (loh) we get 




L-h = 

- - --- (v - 7 )iy^ 
a 


ar.d 

L'-h 

— - ^ iv'- Dl)' 

a 


or 

1., - H 

L'-n 

__ iv' + niY^ 

... (loc) 


From equation ( 10 c) by cross-nmltiplication and simplification, we get the 
value of n as follows : 


71 = 


_ L,'(v ~ m)^ 




m'2_ 


2Vni+2V HI 


(10) 


By substituting the value of ‘ in ’ found by the equation (9), and the known 
values of L, L', V and -a' in this equation, find the absolute value of‘n,’ the 
maximum life of the drop of the solution or liquid under consideration corres- 
ponding to its viscosity * iii.’ 


The value of * a’ 


Having known the values of ‘ m,’ and ‘ n,’ we substitute them in equation 
(10a), and get 


L=n- — 


w 
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n-Iy= - 
a 


ft — - 

n-L, 


Ul) 


wherein, the values of ‘m’ and ‘n’ have been found in the equations (g) and (lo), 
and the values of ‘v’ and h are taken as known for a certain observation. 


Thus we get the absolute values of ‘ Sn’ and ‘n.’ By substituting their 
values in the general equation (5), we can find out the life of the drop of any 
liquid or solution, having viscosity ‘v’ in the C.G.S. Units, and the viscosity of ■ 
the surrounding medium ‘V.' These equations satisfy all the results obtained by \ 
any method, ^ 

In the equations (g) and (10) there should be sufficiently large difference 
betv\een the two values L and I/, in order that the results may be accurate. 
The values found with the help of these equations are almost the same as 
those found experimentally. 


Physics LABORAifniv, 
MoHtNDKA Cow, KOI!, PaTIAI.A, INDU. 


' h. D. Mnliajaii, I’htl. Map,., 7 , 247 (1929) ; Nature, 126 , 761 11930) ; Vhil. Mag., 10 , 383 
{1030) ; , 127 , 7(Hig3T) ; Cimcni Science i, Jtnt (TQ30) ; 12S ^J()32) ; ^cits f. Phys., 

79 , 3(St) (19321 ; Curteni Science, 1 , 162-163 (1932) ; Zeits. t. Phys., 81 , 11Q33) , 81 , 676 (1933) 

Kolloid~Z(‘il. Leipzig, 05 , 20 1933) ; 69 , t6, (1934) ; 66, 22 (1934) i Phys., 9 *), 633 (1934). 

I/. 1 ). Mahajan, Kolloid-Zeit,^ 66, 20 (1033), 
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EVAPORATION KROM EARTHEN JUGS 

By HAZARILAL GUPIA 

AND 

ABINASH CHANDRA 

^L’niveisity of Delhi) 

\Ri’l civcii fo} l^iih!ici\liu:i^ julv jn, 

ABSTRACT. A jliLMit-y cf tin* fvapfiralioii nf water from earthen has htuji ^^iveii 
mill till* lesults c'\)H't'tc(l ac(t)rilinL» tn the thc(n v have heet) hjuinl to aj^ree fairlv with those 
(tfiserved e\ptTiinrntall\' l)v th(' aullKws 

The i)R‘seiil jiapcr is coiimiud witli tile sliuly of the evaporation of water 
from earthen jugs;’' In section i, the theory ol the process is discussed. Tins is 
based on the theory of wet- and dry -bulb hygrometer.’ In .section 2, the 
exiieriineutal results and their comparison with tlie theory is given, 

A. When water is kejtt in an earthen jug the cooling produced by evaiioru- 
I ion keeps it cooler than its surroundings. The poor thermal conductivity of 
the clay plays an important part in preventing the flow of heat from the surround- 
ings to the cooler jug, and in fact because of this thermal insulation the 
leiniieraturc of the water in the jug ajiproaches to within half a degree 
the temperature of the wet-bulb thermometer, and the wet-bulb temperature 
represents the lowest attainable by cooling due to free evaporation in the 
atmosphere. 

As in the case of the wet-bulb thermometer we shall here assume tliat tlie 
air in contact with the jug becomes saturated at the temperature of the jug. 
bet m denote the mass of the jug,,S the specific heat! of the clay composing 
it, M the mass of the water contaiued in the jug, and T the absolute tempera- 
ture of tlie jug (and the water in it). Let T' and T" denote the absolute tem- 
peratures of the dry- and wet-bulb thermometers respectively, and x', x” and x 
the humidity mixing ratios for the normal air, the air saturated at tlje 

During .summer mouths in India drinking water is invariably kept in earthen 

jugs. 

t The specific heat was detennined by the '. usual piethod and was found to 
he ci'22. 
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wet-bull) temperature T' and the air saturated at the temperature T 
of tl)e jufi respectively. The normal air contains .r' Rrams of water 
vapour per gram of dry air, and, therefore, when (i -t- a;') grains of normal 
air come in contact with the jug, its temperature changes from T' to T and it 
becomes (as we have assumed) saturated at the temperature of the jug, i.e , the 
amount of water vapour associated per gram of dry air increases from to .\ . 
The amount of heat gi\en out in the process by fr + x'} grams of air is x'Cp') 
X (T'-T), and the amount of heat required to saturate it will be (.v-.v') L, where 
C,, is the constant-pressure speciiic heat of dry air, Cp' that for water vapour and 
L, the latent heat for e\ aporatiou corresponding to temperature T. For every 
fr + .v') grams of the normal air the amount of water evaporating from the jugi 

is (a-*'), and hence if ^ represents the rate of evaporation of water from 

at 

the jug, the amount of normal air coining in contact with the jug per second 
will be 


and the e(|ualioii expressing energy eoiiservation will become 

C/.vO 

As Cp'iC'p is about 2 and x' rarely exceeds o'o25, C//.r' may l)e neglected com- 
pared to Cp in the last term on the right-hand side of the above exj)ression. Again 
as a first approximation we may substitute 


- (M + Sai)- 


ilT 

di 


"dl 




,IT'-T) (C,. 4 - 
:v - .\ ' 



where t ' is the vap)oivr yressuiu uf normal air, e the saturated vapour pressure 
for temperature T, the total pressure and « the ratio ’Df the densities 
of water vapour and dry air at the same temperature and pressure. We thus 
obtain 


— (M i S?m) 


dT*_ du i , 
It dl ) ' 


^■-tP 



•r 


(M + Shi) 


(iT ^ 



E 


r-T 

e — e' 


(3) 


(4) 
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C 

It may noted that 300, where /? (and also c, e') is in niin. of 

mercury. Kquation {4) is fundamental to our study.* When the steady stale 
ciX 

is reached ^ denotes the teinperature of the jug in the steady 

aM 

stale then 

(iv-i'//) (5) 


This is the usual expression for the wet- and dry-bulh hygrometer and thus, 
as is also otherwise obvious, the tetnperature of water in an earthen jug 
approaches the \vet-l)nll) temperature and as the wet-bulb temperature remains 
the same for the same air muss outside and inside of a room i)rovided 

with kJiiis-lalu\s)t the same result holds for the temperature of water in an earthen 
jng. The next section deals witli the experimental results. 



a> 

6 

fc) 


20 


15 


t 


5 


>>2. In the experiment we used ol’dinavy earthen jugvS, but of rather small 
bi/.e (diameter about 5^0. They were filled with water a few degrees above the 
room temperature and cooling curves were plotted, the water being continuously 
stirred. The weight was also determined every live minutes. Figure 1 shows a 


^ will depend upon a imniber of factors, f.c.. the porositv of tlie day, Uu iiuAciueul 

'^f the surrounding air, etc. 
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typical cooling curve and also the corresponding mass-curve showing the amount 
of water evaporating in a given time. (The dimensions of the jug are given in the 
inset). The dry-hulb temperature was 32°C, the wel^bulb temperature 2f/C, and 
the humidity corresponding to these readings 65%. 





In ligure 2, the curve is theoietical and rei)ieseiils the relation belweeii 
d*V 

and T as given by the expression (.1) for T' - 32 + 23 niiii. 

JM 

corresponding to a humidity of 65%. The obseived points a.s cominited from 
ligure 1 are indicated by circles. Considering the nature of the experiment and 
the assumptions and approximations involved in the theory the agreement is not 
altogether bad/ 

We hope to undertake later a detailed study of the problem discussed here. 
Our thanks are due to Dr. D. S. Kothari for suggesting the problem and for 
his guidance. 

1)I5LH1 UnIVUUSITV, 

Dl'XHl, INDIA. 

As a uitans lor keeping water cool, tlie earthen. jug is really eliicient,— its temperature 
almost approaches the wct-bulb temperature. 

R K h' E R E N C E S 

^ JSlormand, iWm/. Indian Depi., 23, 1 I1921), A good account is given in Brunt, 
Physical and Dynamical MeieoroJogy (19341, Art. 47 and 48, and thi.s is followed here. 

* Brunt, loc. eft. 
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ABSORPTION SPECTRA OF COMPOUNDS OF 
PHOSPHORUS 

By SH. NAWAZISH ALI 

(Ki'( ('ii'ci/ /ii» piibliialioii, /iily u, rijjy} 

Blntc XVI 

ABSTRACT. 'J'Iil' . ilisoi .spi iLra of .si»liitif))i.s of KjIlPOj, 

lUJol’d), rijiV); iiiid KiHI’o,! .mil ()l va|)M\ns of IH’O.j, anil Kl’i I mvl- I tirii sludteil 

I xinriineiilfilh . .Mihorplinii mayiiuii Iiiim- lieoii obscn'i'd in llic i iim of (he solutions in (lu 
ii j;ion from juoo S lo (o ,^ouo A n aiul in tiu' l a.si- ol llic \:i[)umis ililliisc iiinsim.i of alisorp- 
Imu have Iiueii olisi t ved in llif. leijion ; |o i jsy>A(f I'roiii IIk- olisorvi il lii'linviotn of flu 
l;,mds with till' i'han.i;i’ of i'r)iic( ii(rali.jii of tlit- solutions if is mm-lndL’d that llii-ic is no i s.stutial 
dillereni'i; in licliavioui or slriu'turi; lietuei-ii tlio acids, salts and tsloi s foimed by tiliosphorns 
and tlioM- fonncd by iiilnit^eii, TIu- aij/nit’iramc of Ihi'M- results i.s discussed in tlie lififlil of flic 
llieoriis of clieinical coniliination. 


1 N ' 1 ' R ( ) I ) I i C ' 1 ' 1 ( ) iN 

III nnlcr tn c.Kleiid tile work done by Idain'k ' and Ids ( ollulioratois, some 
leeeiit iiivcslif'alioiis iu this laboralorv have been rlireeled lowaids the study oi' 
the transition front eovaleiit to elcctrovaleiit linkage in tlie ease of more comidcx 
ihemieal strnctuies. 'I'he absorption .speetra of nitrates and .suliiliates in the 
vapour state" indicate elearly that tliese salts exhibit a covalent bond between 
metal and oxygen as isolated individual molecules, i.r., in the absence of outside 
lorces such as those of hydrolysis or the crystal lattice, which may turn the ionic 
potential curve into a repulsive one and at the same time into that of the lowest 
electronic term of the system. At the same time it is shown, ’ that nitrogen is 
dsi) penta-covalent in solutions of high concentrations of tetra alkyl ammonium 
salts. We have, therefore, tried to extend such experiments to phosphates and 
the following' is a report on the results obtained in this eonnectioti. 

It was obvious from the very beginning that the study of phosifhates and the 
derivatives of other acids of idiosphorus will be more difficult than that of nitrates. 
Nitrogen, for instance, forms only one kind of acid in its penla-covalent state and 
one kind of salt, i.e., nitric acid and nitrates, with the structural formula 

O-M, A similar structure iirevails in meta phosphoric acid HPOs, but 

(r 
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ill ortlio-piiosplioric acid one of the double bonds is replaced by two OJ ! 

groups. This results ill the presence of altogether three hydrogen atoms or, ij; 
the salts, up to three metal atoms, which may become electrovalent one after tig 
other. Naturally the dissociation constants for the Second and third of thesi. 
bonds must be lower than those for the first, but inspite of that there should be 
equilibrium between the ions such as P( HP()4", HaPO^', in any solution. Jt 
follows, therefore, that only tho.se solutions tor which the equilibrium has been 
shifted very much to one of such ions can be taken into account, and all others 
have to be disregarded. A typical imstance is that of a solution of I'gD.r, in 
water, which contains not only the ions due to H^PO^ but also those pioduced by 
II4P2O7 and HP( The absorption spectium, therefore, varies with concentni- 
tion and age of the solution. Another consequence of the existence of thre^ 
electrovalent bonds is that the ionic forces between the lattice points of the' 
crystal are multiplied resulting in a very high melting-iioint, and it is, therefore, 
possible to obtain a vapour pressure high enough to study the absorjition spec- 
trum of the vapour only in some cases such as KP( )s or HP( ),-( itself, whereas foi 
compounds with two or three electrovalent bonds such as KaPO.j sufficient vapour 
l)ressure cannot be produced at a temperature which excludes the possibility ol 
thermal decomposition of the molecide. A further difficulty is that the indicator 
of beginning of decomi)osilion, Iv., bauds comparable with those of Nt)2 and NO 
in the case of nitrates and vSO^ in the case of sulidiales is missing for the com- 
pounds of phosphorus. Purthermore, no quantitative measurements of solu 
tions of acids of phosphorus can be found in literature which could be u.sed as a 
guide ns in the case of nitric acid and nitrates. 

We i<resent, therefore, in the following only those results for which we can be 
reasonably sure that the spectra really refer to a ]mticular molecule or ion alone, 
disregarding ali doubtful cases. It can be seen that they permit certain conclu- 
sion with respect to the structure and the character of the bonds. 

1C X P T<: RIM E N T A b P R U C E D U K E 

For the absorption spectra of solutions various experimental procedures have 
been worked out wdiich are all similar in this respect that a si>eclruin of the solu- 
tion of defined concentration and tliickiiess of absorbing layer is compared with a 
spectrum through the solvent only. Tlie spectrum through the solvent is 
W'eaketied hy vai iou.s mechanical devices by a defined percentage and if a wave- 
length is touud for which both s],)ectra have equal mteusilies on the same plate 
the extinction coefficient can be calculated ea.sily for such a frequency. When 
only such sources were available for the ultra-violet region which gave either a 
continuous .spectrum or one with many lines, but were unstable or liad a variable 
intensity, both the spectra (twin spectra), j.c., one through the solution and the 
other through the solvent bad to be taken simultaneously by means of the various 
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jpticiil ixiicl niechatiical tirraiigi'inenls. Nowadays, however, the continuous 
.])ectrum of hydrogen provides a source of light not only entirely continuous but 
dso quite stable provided such a construction of lliu discharge tube is employed 
i\ hich works with stagnant gas. For these investigations the hydrogen tube 
devised by Lau was employed as a source of light. The intensity of light given 
Hy this tube remains constant for long periods even if the transformer is run on the 
'.nains and the exposure time is not too short so lluil the ordinary small changes 
>1 voltage have time to counterbalance themselves. Hilgei's K;i-spcclrograi)li 
\vas employed as the resolving instrument. Values of extinction coefficients for 
I lie various compounds were calculated by the formula of Ihnisen and Roscoe 
based on the assumption of I^amberl's i,aw and Beer’s Uaw : 

Tf 1,)“ Ihe intensity of tlu* incident light, 

I — the intensity after Iraiismission throiigli the solution, 
r -- the coiu'eritration per mol per litre, taken as *i>ne,’ 

(I --- the thickness of the solution layer in ems,, 

/v’ - the extinction coefficient, i.c., the reciprocal of the thickness of 
the solution the passage of light through which reduces the 
intensity of the incident light to i/io tli, 

Then 


I/Io 


lO 


“ /v'cd 


log I/Io = 


k = -(logl/lo)/crf. 


The time of exposure for transmission of light tlirongh the solvent was .taken 
as x/ioth of the time through the solution .so that the intensity of light wa.s 
iLducecl ten times giving the value of log l/Io— "log in= — i in the above 
i'ormula; and fe = i/cd- 

.Several twin spectra correspondiug to different values of d, the thickness of 
the solution with a known concentration c were taken on the same plate by 
means of a Hartmann’s diaphragm, the time of exposure for the solvent being 
x/ioth of that for the solution. On each of the twin spectra wave-lengths corres- 
ponding to equal intensity points were determined and the values of 
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logfe = l(»< (i /<;(/) were plotted on a yrapli paper with wave-lengths as abscissa-. 
This procedure was adopted for strong solutions of concentration c = i . 

For weaker solutions of concentrations r = i/io the maxima were at very low 
log A’ values and absorption cells of lengths lo cms. to too cms. were required 
Working with such long tubes was not considered tiuite satisfactory liecause i 
introduced an error of o])tical adjusliueut and it was extremely difficult to main- 
ain the intensity of light during an exchange of the tubes. We have therefore 
measured these solutions by taking a spectrum through the solutions logethei 
on the same plate with spectra of the solvent oi \'ariou.s exposure times. All 
the spectra thus obtained were then measured by the recording photoineter. The 
■spectra thiough the solvent only weie utilised as intensity marks, Combining 
the above equation I-l„i<- with Schwarzchild equation I j we oblani^ 

l;rd~t> {\oK I \ log C.,). 'I'he intersections of the idiotometer curves due to liu i 
solvent on the idiotometer records with the curves due to the solution then defined 
h for that wave length if r and J are known. Figure i (IMatc XVI) is an exauipk 

of the siieetriim for M/io solution of 'I'he three more or less paiallci 

curves are due to thieo exposures through the solvent w ith exposure times .yuo, it.o, 
and yo sees, respectively and the fourth cuive is due to the solution with an expos 
lire time of yOo sees. It can be seem that the solvent curve with yo .secs inlcisect'- 
the .solution curve just on the maximniii and the log k \’alue is theiefoic o i 
for the maxi'mim. 'I'alviiig into ace'oiuit the known i)ositions of the maxima wdlli 
I and the density or blackness of the plates judged visually about three or foui 
intensity marks arc generally enough to obtain a fairly accurate value of log k. 

'J'o obtain the absorption s[)cctra of ' upours tlie followdng method was 
employed : — 

( )n account of the high meltiiig-poinl of most of tlic compoiuids a rathci 
long absorption-tube of dimensions So x ,| ems- was employx'd. A small quantity 
of the substance taken in a china boat was introduced intotheabsorptioii-lubc 
and the usual manometer arrangement for creating a vacuum was fitted up. The 
absorption-tube after being iilaced in an electric furnace was first evacuated and 
the comparison spectrum taken I'hcii the temperature was laised to about 
ioo°C and kept constant for about an hour with the pump running in order to 
expel all water vapour from the salt. Then the temperature was raised steadily 
up to about iooo°C and the spectra taken at different temperatures. The hydrogen 
discharge tube mentioned above was used as a source of continuous sepeclrum and 
Hilger's qiuirtz-spectrograpb, E;i was used as the resolvin.g instrument. ■ The 
positions of the maxima of alisorption were determined from the micro photometei 
records iii comparison with copper lines taken directly on the original plates. 

The results of the exjTerimeuts are listed in table i, 
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Tabtjx I 
A. Solutions 


(Maxima of ab.soi [)tiuij) 



r 

■ Wave-leiie:tlis 
; ill AJT. 

Ing k, ( -T-i). , k, i 

JTPOa 


1 

"'"*>'3 1 — 0 

n:,P04 

^630 

I -O-J 



1 

“O-J I 

KsHPO^ 

iiSbc 



2700 

-07 

' 

II4P2O? 

^ 55 -< 

•- 



1 


B. Vapouis 

(Diilti sc maxima of al)s*ir]>tioii) 



Wfivc Icngth.s 

Jog /:, r-i-o. 

I 

1 log A’, ( =^01. 

i 


in A.U. 

i 

1 

HP03 i 

1 

! 4440 j ... 1 

1 

llaP^d : 

.‘4.10 

j 1 

KV(\ 

2500 



D T vS c n s S T o X 

Melapliosphoric' acid, HP^ >3, whose slruclnre ih similar to that of nitric acid 
was studied first. In solution it passes slowly into the ortho-acid At room 
temperatnu\ liowever, this change lakes t)lacc in several days. In solutions of 
r - 1*0 mol, HPO;j shows a maximum of absorption at A 2630, in the same position 
as HjiPO^, but the region of selective absorption is much broader than that of 
H:iPn4 and the minimum lies at A 2400, while that of H3PO4 is at A 2540. 
Furthermore, weak solutions of H;iP04 do not show this niaximuin and in 1 mol 
HPOv; only a small percentage of can be present in the beginning This 

niaximum, therefore, if it does not belong to IlPr),H entirely, at least will be com* 
posed'of that of H3PO4 along with a maximum of selective absorption at 
slightly longer waves than A 2630. In a solution of concentration c-0’1, this 
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niaxiiiinm has hetii considerably weakened, and at the same time in the vapour 
slate the selective absorption is shifted to shorter waves with a point of inflection 
at A 24^)0, This curve can be due to the covalent HPO3 molecule and resembles 
that of HN‘() ; very iiiucli, only shifted slightly to higher frequencies. 



Ftourk 3 

Again KPO;^, obtained by calcinating KM^Pb)!, shows an exactly similar 
absorption curve in the vapour slate and we conclude that tlie isolated molecules 
UPO;.) and KPO^ are l)oth covalejit and resemble strongly tire corresponding 
nitrogen compounds, whereas the results obtained in solution are not quite con- 
clusive on account of the transformation to orthophosphoric acid and the exis- 
tence of a polymeric form . 

Attention may now be dlawn to the ortho-acid. It possesses a steep and 
small maximum at A 2630 for c — I’o which slowly disappears on dilution. From the 
constants of electrolytic dissociation, ki — i 'i x 10“’^; fc , = 5'6x lo"^; and — x 
10”' it is obvious that with dilution the equilibrium of the solution is shifted in 
the order H I HsPO' ,->2H + IlPO^- -3H + PO This maximum, therefore, 
belongs to the H2P0'4 ion, 
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In solutions of KH2p< >4 flio sanii; iiiaxiinmn lies at A 2700 and in 
at A :i86o. In Ihosu of K^PO^i it lies ai A 2720, l)nl is imich hroadeiieil and it is 
kiiovvji tliat solutions of KsP 04 contain various ions, particularly ions, 

on account of hydrolysis Provisionally wc con dale this maximum to the C P-t )' 

bond, vvhit'h ^\c take as the chromophoric ^^I'onp producing selective absorfjtion 
at iibinii A 2700. 

The covalent nndeculcs on the other hand, 'C2Hr.)aP^Mj 

HPC)^ and Il.-iPO^ l)0ssess a diffuse ahsoiption region only in the vaj>our stale 
with a point of inflection at about A 2500. 

A first survey, therefore, leads to the conclusion that conditions are very 
1)1 nch the same as in the nitrates These show selective absorption with a maxi- 
mum at A 3000 as long as the ( ) — M bond is electiovalent, but a continuous ejul- 
absorption with a i)oint of inflection at about A 2^50 only, as soon as this bond is 
of covalent nature, in the vsame manner we obtain a niaxinnnn at A ab^o in so- 
lutions of HPt) ; and similar maxima due to the various ions formed by Il;iPOi 
dissolved ill water, but continuous end-absorption only in the va[)ours of KPt ) 
the two acids and their organic esters- 'Die main difiereiice which still has to be 
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acco<yntcd for, is that the inaxininni of the nitrate ioiialways shows Ihesanie wave- 
length in the same solvent whereas here the wave-length varies. This fact 
apj)ears to be connected vvitli the varying number of V (.) -M bonds in the same 
nvdecule. 

In order to establisli tliat indeed an anion acts as chromophoric group for 
th.e maximum at about A2700, we have measured the absorption of K.;>HP04 in 
acpieous solutions in tlie presence of various foreign ions. In water alone the 
maximum liesatAsS/o (lig, 4); in a solution of Nallr (the concentration of NaBr 
bL'iiig n'l) at A2S40; in NaCl solution of concentration o't at A2850, these two curves 
being close together. In a solution of KCl of concentration o'l tlie maximmn is 
at A2S00 and this curve is (jiiile clearly shifted towards the shorter wave-lengths.. 
This .allows that the change of the positive ion produces a change in the absorp-\ 
tion curve whereas a change in the negative ion Cl or Br has little or no influence. 
The chromophoric group, therefore, will be a negative ion, since particularly at 
such low concentrations, only a negative ion can be surrounded by a cloud of 
positive ions like those of Na ' or K ' . 

I'inally the results ni solutions of ( — u'l, compared with tliose of i -“n ‘o 
which have been listed above, show that the selective maxhiinm increases in 
intensity (log k values) with dilution in all comi)oiuids, none of them obeying 
Beer’s law . This certainly indicates that the niaxinium lielougs to an eleclro- 
\alenl bain, liic percentage of which is increased with dilution. 

Hence it is assumed that also II,, P() ^ and its salts behave exactly like 
UNO . and PIPO.i and then salts respeclively. The electrovalent form possesses 
a sharp selective maximum in the quartz ultra-violet, the covalent a difiuse one 
only ai shorter wave-lengths With increasing concentration the number of 
molecules of the c^w'aleiit Innii increases. In the vai>our slate the ortho-acid is 
entirely covalent and so ai e Us oigauic esters- The fact tlial each molecule can 
pussess more than one electrovalent bond does not essentially change the 
b^ha\ lour of the mo ecule. 

'Th's eonc'nsioii is siii^ported by the fact that also pyro-phosphoric acid 
_ HO _^f' O P- .oH .shows a similar maximum at A 2550 

il il 

00 -- 

alllu ugh here one ol the Oil bunds is replaced by an O “ P bond. Moreover also 
K j HPt ) , i.i the 1011 IlPO-i" must have essentially the same strUc.lure since it 
shows a siiiiilai maximum at A 2070. This agrees very well the dibasicily 

ui the acid known truni cheiiiit.’ai reactions and thennochemical experiments and 
is a iiiilhei uiilRaiion that idiuspliorous acid i.a a derivative not of trivaleut 
but ol peiitavaleiit phusphurus with the foiniula 

O O— II 

P 

H 0~H 
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About the diffeieiicti in the actual position of the maxima not much can be 
Mud. It is obvious that again the various ctfects, described in a previous 
]>apei, \\ill plaj- a role and will counter*act each other. We may assume that 
l)oth the solutions of KH2PO4 and H3PO4 will be made up in the main by 
H .P()'4 ions, the maxima, however, are not at the same posilioii but at AA 2760 
and -2(\so lespectively. This will be due to tlie fact, tliat the one solution coii-^ 
tains K‘, the other ions. The hydrogen ion will collect a greater niunher of 
water molecules and, therefore, have the bigger dehydrating ellecl, which, as 
lias been seen, is bound tu shift tlic maximum tow’urds shorter wave-lengths. 

I )n the other hand tlie^iiiaximum of K TIPO^, /.e., of the HPO"^ ion lies at still 
longer waves, lie. A scSbo. lliis ninst be due to the defonnuig influence by 
■s\lneh the two ionic bonds act on each other. It has been seen m part 1 that 
according to the lule of Fajans and Jons a negative ion in tlie field of a positive 
one consolidates its electronic structure and all energies of excitation getting 
UR’i eased, the maxima arc shilled towards shorter waves. This is thtMiormal 
behaviour of ions of unlike chaiges fuimiiig pairs in strong solutions. Here now it 
ha]»pens that tw-o negative ions of like charge are kept together and cannot increase 
tlie distance between tlieiii because both belong to the same complex luoiccule. 
The opposite condition, therefore, becomes true; the electronic configuration gels 
loosened and the niaximum lor that molecule which i^ossesses two clectrovaleni 
bonds is shifted towards red if compared with that which exhibits only one oi 
lliein. These few remarks, however, do not aim at an explanation ; llic amuunl 
ol available data is still much loo small and theoretical interpretation of iJiis 
more complicated phenomenon cannot be given. It just shows in which diieclii n 
an explanation should be looked for at a later date- 

One fact, however, appears to be worthy of note (generally it is found 
that the spectra of homologous molecules, as a wdiole, shift towards Icjiigcr waves 
with increasing mass and decreasing excitation or bond energies. Numerous 
examples, from the halogen molecules to the complicated organic molecules, can 
l)e quoted as instances. Here, however, we see that the selective absorption of 
ihc electrovalent form as well as the continuous eiid-absorplion of the covalent 
form are at shorter waves than those of tlie nitrates. F'or these it has been 
:issumed provisionally that the spectra correspond to a splitting-off of an 
oxygen atom which occui'S for the covalent form, N^Ur, or nilro-coniiiounds 
with an energy of by K cal/mol. Kcliable thermocheiiiical data foi* a comparison 
w ith the corresponding compounds of phosphoius are not available. The heal 
of formation of 1/2 P^O . is measured to iiS5 K cal/mol 1>ut for 1/2 QIP^O^) 
Mellor mentions two values of Berthelot and Ogier respectively, /.(?., 37 and 122 
K cal/mol, and both are given as unreliable. It can be seen, however, that the 
energy dillerence j/2 D^PuOfl)"“i/2 DiP^O^) with both figures yields a value 
higher than the corresponding value of 69 K cal/mol tor nitrates, 

Setting up Born's cycle to obtain the atomic energies of formation for both 
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the molecules, all figures will cancel with the exception of i /a DiOa) and the 
energies of sublimation of the two molecules. Assuming the latter ones to be 
of the same order, we form the differences of the Q values, i.c., 1X5-37 = 1^?, 
and 185 --122-63 and add 1/2 D(()2)=--58. The energy for the splitting-ofi 
of an oxygen atom will, therefore, be on the basis of these ligines; eithei 206 or 
121 K cal/mol, i.c , higher than for the nitrates. This may explain the shift of 
the spectrum towards shorter waves, but, ol course, it does not explain v\liy 
the l'“() bond shall be .stronger than the N^Obond. Other tliermoclieniical 
data are, howevei , not available for compounds Joniied by trivalent phosjihoriis. 
In view of the fact, however, that the absorption is connected essentially with 
the bond between oxygen and metal (or hydrogen) and that the structure of the 
molecule plays a small r 61 e only, to our mind it is iiy no means clear yet \\Iietht\ 
the dissociation process really concerns a 1 ’ - O bond. \ 

The main result of the present ])iece of work, therefore, is that between the , 
acids, salts and esters formed by pho.sphoriis and those formed by nitrogen 
there is no essential dillereiice in behaviour or structure. This is quite interest- 
ing in itself. As has been mentioned in part I, there exists in chemistry a school 
of thought that claims an exception for the atoms of the period to I*' w hich 
shall exhibit fewer covalencies than those of the highei period.s, c.g., Na to Cl- 
This exception originally derived from the octet rule appeared to be supported 
by certain vvaveuiechanical considerations of London. According to tlie theory 
of Heitlcr’'.and Loudon chemical combination is brought about by the coupling 
of spill vectors of the constituent atoms. Since tlie maximal population of a i> 
shell is six, only three electrons with unpaired spins are possible in it and 
any numerical valency higher than three has to make use of the next d shjil, 
suliduir in its ground level 3s'‘‘iP* possesses only tv\o electrons with unpaired spin, 
the other two p electrons fornimg a closed oibital and London assumed that tetra 
valency of S involves the configuration 3S'3/>'’3tf. Phosphoius with 35“3^r'4A' is 
accordingly trivalent and becomes peutavalent only by J’is.suriiig the group. The 
excitation of an s electron, however, does not bring it to 3/1 where it would counter- 
balance the sjiin ol one of tlie other ones but yields accoi ding to this conception 
the coiitiguration 3.s- 3/i’*3(/. Since a 2d shell does not exist, a similar procedure 
is not possible for nitrogen and it was thought that this supports a theory in 
which N is not able to exhibit live covalent bonds while this is po.ssible for P. 
The whole conception is, howevei, not quite correct. It is valid for diatomic 
molecules only and indeed the higher number of p-p bonds ever observed in 
diatomic molecules is three. *!ln iiolyatomic molecules, however, where the field 
possesses more than one favoured direction, other rules for the mipairing of 
spins are brought about by Pauli’s principle. This can be seen, c.g., from 
the ground level of t32. which possesses two unpaired electrons inspite of the 
fact that it involves two S atoms in their ground level in which no d electron is 
present. Indeed such a modilicatiou of Loudon’s conception for poly-atomic 
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.. jlcniles lias already l)ccii made use of and will lie discussed in detail in a forth- 
oiiiiii^^' l)aper from this laboratory In poly-alomic molecules the /> shell can 
\liibit up to live p~p bonds according to the iiiiml)er t)f p electrons present and 
ijLiitavalency obtains for P from the conliguration 3/V^ and for N from zp"^. 
'Pliere is no difference any longer between these atoms and no difference in 
heliaviour can be expected. It is gratifying to note that such a difference at least 
IS not supported by the absorption spectra of various acids of pentavaleiit 
jOiosphorus and its salts. 
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LINEAR EXTENSION OF REFLECTED IMAGE PRODUCED 
BY A SURFACE TRAVERSED BY WAVES 

By f. c. aullick; 

Lecturer in Mathematics, Dyal Singh College, Lahore 

{Received lot publicallon, Aiisii^l o.jo) 

ABSTRACT. Tine funiinlioti o) Hit- iniagi' nf a liylii .sduu'c Ijv n-nuctioii al a slici-l of 
ilistnrbed wakT lias Iitcn invc.KliKi'ti ‘l llieorcticallv Tlic iiiiat',f is extended and llie eNtension 
lias liceii expre.ssed in terms ol the angle snfitendeil Iiv the imagi' at llie eyt rvxpre.ssionti have 
been deriv’cd fur tlii.s extensinn for two different eoiiditions, nz.,{a) when the u1;.servcr is 
faring the soiiree, and, (hj wlien his haek is towards tlie souree 

1. It is a matter of common experience lliat tlie image of a light source in a 
sheet of disturbed water appears to bo extended. This extension depends u])on 
the nature of the waves produced by the disturbance and the positions of the ob- 
sei ver and the source. We shall consider the extension as measured by the angle 
siiblended by the image at the eye. It is the object of this paper to study this 
angle of extension. The intensity and the stale of polarisation of the reflected 
Hglit will be studied in the papers to follow. For the sake of simplicity we .shall 
take simple haniiouic waves and the observer in the plane containing the source 
and the direction of propagation of waves. 

a. In what follows hj and /1.3 denote the lieights of the observer O and the 
.source of light S respectively above the undisturbed surface. Let d denote the 
horizontal distance between S and O- The axis of x is taken in the undisturbed 
surface in the dirccliou of propagation of the waves and the axis of y vertically 
upwards through O. y=f(x) is the equation of the section of the disturbed 
surface by the jdane (xy). 

Theie are two methods of dealing with the problem : — 

ii) Find the caustic for the given curve y = j{x) and the given position of 
the source. Then find the angle between the tangents drawn to the caustic from 
the jjoint of observation. 

in) Find the family of aplanatic* curves for the points S and 0 , and then 
the points where the given curve y=/(.v) touches any aplanatic curve. Light 
striking at such points will, after reflection, pass through O. We, then, find the 
maximum angle subtended at O. 

* An aplanatic curve for S and 0 is .such that any ray from S after reflection at the curve 
must pass through O, Any ellipse with S and O for its foci is an aplanatic curve- 

3 
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We shall use the second method in this paper. 

3. y) is a point on the given curve j{x). Let the tangent at P, PC) 

and SP make angles y, and ft with the positive direction of the axis of x. 



^riien assuming the lavv^s of reflection vve obtain 

(i -f- ft f TTf (I. I ft^ or a + ft -77, 

In all these three cases 

tan .'!i/^ = tan (•I'^-ft) 

It may be remarked here that by taking tangents of both sides of the above 
equation, we liave introduced an aml)ignity. If of a value of v/', say satisfies the 


equation (t\ ^ will also satisfy it. 


Now lanu-tr 


tan ft = ’ 

<l-x ] 


and since ^ -f- —tan \l>, etpiation fi) reduces to 

LlX 

^ _ x(h] \-Ji o - 2y) - ih I -y)d 

(/ij -y)(li2 ' y) xd- 


(2) 




This is the dilTeivnlial eciuatiou for the family of aplanatic curvtis for the points 
S and () . ‘ \ 

A simple haniitmic i)rogressive wave is represented by 


a' “ a sin 0 


where 0— ^(x — vi}, a the amplitude, A the wave-length, n the velocity of wave 
A 

propagation and i the time. We have now to find out the points where any apla- 
patic curve touches the given ('urve. Inequation (3), therefore, we substitute 
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^---a sin = a sin 0 and p 

A 


dy _ 277 a 
dr ^ A 


cos and thus obtain 


■I'lfcos^y 

A 


1- cos-6' 

A" 


x(k 1 - 2a sill &) (i/ 1 - a 

(h 1 - a sill 0)(hi2~a sin H aJ - v* 


(4) 


For a given value of i, say Hie solution of (4) will give us those values of 

\ where an aplaiiatic curve touches the displacement curve y^a sin ^ [x-vio) 

A 

at time La- Alternatively, if (4) is solved for any given value of L), say then 
the solution will represent those values of a: uliere an aplaiiatic curve touches the 
displacement curve at time Z* such that 


27T 

A 




(5) 


and at time /*, therefore, a ray reflected at .v* will be received at (.) making with 
the horizontal an angle a, where 


tan «t 


// 1 -a sin 0 ^ 


(Oj 


For every value of 0 we can, therefore, evaluate the points of contact be- 
tween the disiilaceiuenl curve v~/(.v) and an a[)laiiatie luirve and calculate the 
angles ^ that the rays reflected at these points and l)assing thiough ( ) will make 
with the horizontal. Hul as we are inteiested in linding the maximum and mini- 
mum values of fs the angular extension of image being , we can do 

this straightaway by substituting for .v in (4) from (6), and then determine the 
maxima and minima of tan treating 0 as an independent variable. 

We shall assume that the amjditude of the waves is very small compaied to 
tile distance between the source and tlie observer. Ihen imtliiig 

0 = TT - ft 

and Ian « = Z, 

wc have on substituting foi a' in equation b]) from equation (o) 

(/ij + li‘2 sin_^JZ - Z®(/ 

^"" (iTs-arsin <-Zd-(/ii ■ a sin 6^ 

_ (Ji 1 + fea)Z — Z^d ^ 
hs'z^ + Zd~hj \d 




45“_ 


cos 


0 




(R) 


where 
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Solving (7) for Z we have 


Z - tan 






qd± If/ (hi 


+ h^ — qd)"'^ + /\hjq( d) 
zih^q + d) 



(y) 


.Since 


a 

d 


I, the indxiimnn and minimum values of Z and hence 8 are not 


appreciably affected by omitting the second term () provided h | and ho are 


not both zero 

'J'he equation 


^ ^(/(, -f 7j2^-Z2d 
)i./Z'^ + Zd-hi 


(joj 


represents a cubic curve in the plane (r/, Z). Tlie cubic has the followin^^ tliiee 
asymptotes 


Ui) 


d 

y _ ^ d'^ -F —d 

2)12 

^ I' 47 z| / zy H d 

2/, 2 j 

Iwery line [larallel lo t^-axis cuts the cubic in and enz/j m/c point and 
every line parallel to Z-axis iiieels it in two points. 
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Consider the part of the cubic represented by 

+ Ii2 ~ ijt/ + V (/i 1 + h. 2 ~ yd)'"* + /\li + d) 

2 {hoq + dj 

It passes through the point ^<} = o, Z== and at this 
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(12) 


point 


( / h // ) li ” 

^ j 2\ ‘ Hence Z is a decreasing flUiclioii of at tliis point. 

+ ^2)" r 

Moreover as q increases, Z increases and lends to the value ^ 

2/? 2 

as q — >o*J. It cannot increase at any point, for, Iheii, we can find a value of 
Z, wliicli will correspond to two values of q, which is impossible. When q decreases 

from o to — along this branch, Z increases and tends to oc as q — > - 


When q is less than — 


h. 


Z 


is negative and 


increases from 


A-i to 


d i" V'd^'f4fel/z2 

q — 

2 h 2 

Now consider the curve 


■CIC'. 


Ij\+ li '2 ^ V (/? I 1 lij -qd)'‘^-\- 4 h^q{h^^q \^d) 

2 {li^q d) 


(13) 


It i)asscs through the point (<y — o, Z^o) and at this point It c 

U rj ll ^ 


can 


*.1 i y 1 f , v^d -I- . \/d +/ihihs + a 

be shown that / decreases iroiii 1 > _ _ -~ 

2/12 2«i. 

rtmtiuuously as ij varies from ~cx) to tv. In figure 2 A and C rejueseut the 
equation (12) and B represents (13). 

Now if the reflecting surface were a piauc (i.c., a- o), there would have been 

only one point-image corresponding to q= <.> ; tan ^ ” ‘ shall take this 

as a boundary condition. Let «max and denote the maximum and 

minimum values of <i. 


Determination of Smiu 

When — < — . p can have all values between r and ~ and g 

\ an A A 

varies from — go to Qo, 
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4tw 


where 


(h-~ 


1 - 


k\ 


I'd every value of q, there corre.^puiul two values of Z, one correspond in lo 

.?!!Hcos 0 and the other corresponding to p — - — - * The second must 

^ A 2 na cos 

1)C rejected, for this gives \ p \ > i which is a contradiction because 1 /H ^ 

< 1. Since when a=o, ^-=0 and tan S= - , the point (q, Z) moves 

A d I 

on the 1)rancli A and therefore Kun can be calculated by putting ij = g„ in 

\ 

But when \> - , (j,, becomes negative. Putting , the L. H. S. of ', 
A 27^ r 

(t 2) becomes 


(//j 4 /i.lt-c/H- y/ [(lii + hi)r — dY-\-4hAli2-^rcl) 

2(//oH-rrf) 

Denoting this expression by /(r), we notice that fio)- ^ which 

9 

is not zero ill gt'ncrul. Plena- llie nulic-al does not cliaiiKe its sign :is i jiasses 
through the value r=o. When r becomes negative and equal to - K, 

, 1 _ (/l 1 !■ //a) + d ~ V I ■*' d J" I 4^l,(/l2 “ Kd) 

g(Rd-//s) 




4 ) I Jjl -d -I- 

R i ^ RV R 


4 - 1 , 


iii-t /la-tjd - 's/ (hi+ hs- qd)^ + 4hiq{h2q + d ) 

2{h3q + d) 

where q is negative. 

Hence if - >- , S.u;„ is given by putting g = g„ in (13). 

A. 27r *' 


Delcrviinaiion of 8u,*i 

tit I ? 

An argument similar to that used above sliows that when 
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ralculated by puttinji q q,, in (i’) and when ^ is J^ivcn by piUtiiiK 

A 2A 

-g„ in (13). Hence 

_ . h^-^- qod -i- \ hn)^ qj^d^ h 4(1 ^ih^- lh)q»d \ 

I ' 1 

and 


(m) 


■ ^,,.-1 j /l-i + fea-god i fi\/(hj + /)a)^ + <J„V + 4?lifea(/g"- 2«la -/n)q»cl ( , , 

f^imu Xtin j f] I 1 \ 

I 2{d-^]l.i]u) I 


W lUTC* 


e=: -|-i if 

A 2 n 


yiitl 


■r (I ^ i 

” T if ^ . 

A 2^ 


If 


A 27r 


^iims — ^ tilt ! 


_r V ~l" /{ /^ ( /? 2 d 


and 


S = ta,.- 

2 «o 

Y=Smfix — ^n.in is the angle of extension. 
Kroin (r4) and (15) we deduce the following results : — 


(1) If lu = hn, 7 = Ian \7o. 

In this case, the apparent extension is independent of the lieight of the 
<»bservcr and the distance between the source and the observer. 

(a) }fJi2 — nh^ and n^i, 7 depends upon n, hi, and d. Figures 3 an<i 4 

shj»w the relation l)etween 7 and ^Morij^ * and 10. 'I'lje curves become 

(1 10 


parallel for sufficiently largi* values of 


iiii) Let n — 

then 7 — >2 tair^b/o 


if 


A 2 n 


and 

provided 


.. a ^ i 
7“7r u ' 

A 2 n 
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(iv) Let n 


o 


(a) If 


uJid 



- hi 

if Qu :S, } 

d 

7 = t!m“*q„-taTr' if ij„ ^ 


(b) If 

A 277 


y - lan~^ — tiiii 


/^i 

ii 


if 


//f 


.111(1 y ^2 tan' ^ 7 u ' if (/.. 

(/ 

^c) If 

A 277 

i • 

y - tan 

(v) Now wc shall consider the two cases . 

(rtj Observer facin)^ the source. 

(/)) Observer with his back to the source. 

(a) When the observer is the source, the maxiiiiuin angle which 

the reflected ray through the f)f the observer can make with the h(jrizontal is - . 


The angle of extension is SmRx — ^min if ^h«<T 

hn 

or if Qtj is negative. 


and is — — (^min 


2 


if q,;> 


d 

h.2 


(b) In this case the minimum value of « can be - . The image cannot be 


observed if qu is less than — and positive 

hi 


If (Jo is greater 




tive, the extension — Smnx— 

2 

It is a pleasure to record my thanks to Dr. D. S. Kothari (University of 
Delhi) for suggesting the problem and helpful discussions. 
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ISOTOPE EFFECT IN THE BAND SPECTRUM OF TIN 

MONOXIDE 

By P. C. MAHANTl 

AND 

A. K. SENGUPTA 

\Receivcd for pubhcaUon, SepUmbcr 20, jpjg) 

Plate XVII 

ABBTRAGT. From high-dispersion spectrograms of the (0,1) band of the A system of tin 
monoxide, rjuantitative evidence of the existence of less abundant tin isotopes of masses 1 16, 
J18, 122 and 124 has liccii secured. The observed intensities of the different isotopic lines aie 
ill most cases in conformity with their relative abundances. lJul no trace of lines due to iso- 
topes of masses it; and 119, which according to the mass spectrograph data of Aston, are more 
abundant than the is(Ttopes of masses 122 and 124, could be found even in regions in which they 
are expected to be resolved from the neighbouring isotopic' lines. 


1 NTRODUCTTON 

Till, according to the recently corrected mass-spectrograph resiills of Aslim,' 
consists of ten isotopes, whose atomic weiglits and relative abundances (given in 
parentheses in percents) are as follows : — 115(1.1/, 114(0.8), 110(15.5), 117(0.1), 

118(35.5), 119(9-8), 120(28.5), 122(5*5)^1^1 124(6.8). 

It is, therefore, to be expected that in the spectra of the diatomic molecules of 
different tin compounds, the branch lines situated favourably in a band w ith 
respect to its origin as well as to the system-origin, shoiiid be split up, under 
suitable dispersion, into ten components due to tin isotopes alone, hacb band 
head should also be resolved into a similar number of isotopic heads. Of these 
isotopic components of branch lines or of heads, at least live should be more 
promiuent than the others. But, if the dispersion employed is relatively low, one 
is not likely to observe more than a broadening or diiTuseness of the bianch lines 
or of heads owing generally to the small magnitude of the separation between the 
different isotopic components. 

Using a dispersion of about 74 A.U. per mm. in the first order of a 2 4 m. 
concave grating, such a broadening or diffuseness due to unresolved tin-isotoiie 
effect was first noticed by Jevons^ in 1926 in several band heads associated with 
SnCl='^’^ and SnCl'^^ in the more refrangible band system of tin monochloride 
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(vSnCl), In lh(j meantime, band spectra due to SnO, SnS, SnSe, SnF and Snlii 
have been identified. Althougli the values of /> for the various tin isotopes are 
larger for SnSe and SnBr than for the others, there is in literature no mention of 
tin-isotope effect on either the band heads or the structure lines in the spectra of 
these two molecules. But in cases of SnO, SnS and vSnF, evidence for the exist- 
ence of tin-isol ope effect has been secured. hoomis and Watson ^ observed the 
Iieads of bands, particularly those remote from the system-origin, very diffuse in 
character, so much so, that it was difficult for them to obtain accurate measure- 
ments in such cases. In the spectrum of SnS, Rochester ^ also noticed several 
diffuse band heads and found the observed width of their diffuseness approxi- 
mately equal to the calculated total spread of the isotope pattern due to the more 
abundant isolo[)es. He thas obtained a iittle more than qualitative evidence foi\^ 
the existence of tin-isotope effect. Very recently m the spectrum of SiiF Jenkins \ 
and Rochester have observed for the first time the resolution of the tin-isolope ' 
effect in band heads which are, in favourable cases, split u\) into five nearly, 
equally-spaced components. These components have been identified as due to 
till isotopes of atomic weights, ii( 3 , iiS, 120, 122 and 124 and their oliserved inten- 
sities are also in conformity with the relative abundances of these isotopes. Iso- 
topic heads due to the two isotopes of atomic weights 117 and 1 19, which arc, 
according to the mass-spectrograph data of Aston, more abundant than the iso- 
topes of masses 122, and 124 hav^e not, however, been observed by Jenkins and 
Rochester. Tluy are very likely unresolved from the neighbouring isotopic 
heads. But it is of interest to ascertain whether they are actually unresolved or 
entirely absent. Flence it is desirable to search for their existence under condi- 
tions more favourable than what has Iiitherlo been secured. Undoubtedly the 
study of isotojie effect on the rotational structure of a band favourably situated 
with respect to tlie system-origin is very suitable for the purpose. 

It may here be mentioned that Uooinis and Watson, who photographed the 
far ultra-violet bands of SnU under high dispersions olitainable in the first and 
second orders (jf a 21 -ft. concave grating, observed the isotope effect of tin on the 
structure lines. They found that, as one should expect theoretically, the branch 
lines of a band favourably situated with fespecl to the system-origin are fairly 
sharp and single in the region in which the vibrational and the rotational isotopic 
disidacemciils exactly or approximately cancel each other. On the other hand, 
for aband for which these displacements are additive, the branch lines are generally 
diffuse in tlie neigh bourliood of the origin, but a little away fiom it they are 
split up into about five components. Finally the isotope splitting becomes so 
large that the isotopic components of the successive lines greatly overlap each 
other, thereby rendering the structure analysis practically impossible. In 
the absence of such an analysis, it was not therefore possible for Watson and 
Loomis to identify the different isotopic components of the branch lines. Practi- 
cally similar features have also been recently observed in the band Structure of 
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the visible system of vSnS hy vShawhaii/' wlio lias evaluated the rotational eons 
taiits of the molecule from the partially resolved structure of tfie (o,u) and (i,o) 
bands. It was, therefore, thouf^ht wortluvhile to investigate the tiii-isf>tope efiect 
»)jj the branch lines of the A system of tin monoxide in view of the simple struc- 
ture of the bands which are of the tvvobraneh lyi>es involving a transition, 

as has been reported recently by the authors.’^ hrum higli-dispersion sj)eotro- 
grams it has been found that, as in the case of the visible SiiS system, the branch 
lines of the (i,o) band are diftuse near the head, tlie widtli of tlieir diffuseness 
gradually decreasing as one proceeds towards the tail l»ecause of the caui'ellation 
of the constant vibrational displacement by the gradually increasing volalioiial 
dis])laccmeiit due to the different tin isotoi>es. In the (o,o) l^'iiid, the lines appeal 
fairly sharp near the head but become increasingly diffuse tow^ards the tail of the 
band. On the other hand, a little further from the head, the lines of the two 
branches of the (o,t) band are split up into a number of components, three of wdiich 
are clearly discernible in most cases while two others can be dermilely located in 
legions free from any overlapping of successive lines The idijeet of the jacseut 
paper is to report, as far as possible, detailed results of measurements of tJie iso- 
topic components in the two branches of this band, thus recording for the first 
time the resolution of Sii-isotopc effect in band structure. 


n X p K R I ]\r li N T A h 

The band under investigati(m was photographed in the first and second 
orders of a 21-ft. concave grating in a Pascheii moniiting. 'J'liis grating is ruled 
with 30,000 lines per inch on a 6-inch inled surface. The disjjeision in the 
region A3480-A3520 is about j 285 A/miu. in the first oidei. 

The light source employed w^as a carbon arc in air, the lower positive 
electrode containing chemically pure metallic tin. The arc was oiierated from 
a d.c. 220V circuit and a current of about .1 amps, developed the band with 
optimum intensity. With au effective exposure of about foiii hours, good first- 
order plates were obtained, while, in the second order, more than double this time 
was necessary- Fine-grained plates w^ere used for securing the best definitions 
of the structure lines. 

Using iron-art lines as standards of eoniparison, iiieasiirmeiils w^ie made on 
a Ciaertner comparalor (Mi aoja) readable dneclly lo o'oor mm. and eslimable 
to o'oooj Him. Several sets of muasniements on indepeiideiil plates were carried 
out and reduced to vvave-lenglhs in tire usual manner. In most cases the 
individual wave-length data do not differ from their mean value Iry more than 
' v*oo 5A for any particular line. Reductions lo vat'num wave-uunibers were made 
with the aid of Kayser's “ Sclivviugung Zalilen,’' 
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'Vhi' Theory of Tsoiopit Sepajaiiomt 


From the theory of isotope effect in electronic band spectra of diatomic 
molecules, it is now well known that in a f', D"-band due to a mixture of two 
isotopic molecules, the lines in a given branch of the less abundant one, althougli 
similar to those of the more abundant molecule, are weaker in intensity and dis 
placed from them in position. The lines due to the more abundant molecule 
are easily measurable because of their intensity. They are, therefore, used 
as points of reference for the measurement of the isotopic displacement which is 
the wave-number interval between lines with the same J- or K-numbering for u 
particular branch in the band. ' 

According to the theory, the difference in the total energy of two isotop)^ 
molecules in a given electronic state is given by ' 

K‘-K 

=(Ei-E,)+(Ki-Ej4 (k;.-e;), ... (t 

and the corresponding difference in energy terms by 

T‘_t 

= (TJ-TJ-l-(G‘-G)-l-(F‘-F). ... (a) 

Hence the isotopic displacement, i’'-v, of a line in a given v', v"-band is 

V' -V 

= (T<'-T,")-(T'-T") 

=■(^5 +vj +v‘)-(v, 4 -i',, tv,.) 

= (v|. -vj + (v,‘, -V,.) H{v* -v,.). . ( 3 ) 

In general, the electronic isotope displacement, vj-v,,, is negligibly small in 
magnitude. Hence, for all practical purposes, the observed isotopic displacement 
of a line may be assumed to be the algebraic sum of only the vibrational ami 
rotational displacements. 

The vibrational isotopic displacement, vj, -I',,, of a given v', v^-band is ex- 
pressed in several ways, the exact expression being 

>'I. -v, 

= (p-l)[o)/(u' I j 

+ — + ... ... (4) 

But for a band with low values of both v' and v", the displacement can be calcula- 
ted with sufficient accuracy by the help of the following approximate equation : 

v'-v, 

-;-fp-i) X Av,,, ... (5* 


where Av„ is the wave-number interval between the band-origin, v„, and the system- 
origin, V,. It is thus evident that the vibrational isotopic displacement is tht 
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same for the head as for the origin of a band and is therefore constant for a given 
band. But it changes in sign and magnitude according to the position of tlie 
band with respect to the system-origin. 

The rotational isotopic displacement, v* — v,., of a line in a given branch of a 
band is expressed by 

V* -Vr 

= (p'^ - 1 ) [B /N'(N' -I- t) - B /'N"(N' + 1)] , 

neglecting the terms involving a, D and higher powers of f>. vSo that in a band 
due to 'S — transition, 

V,‘.-Vr 

= (/)«-i)[B/K'(K' + i)-B/'K"(K"+i)]. ... (6) 

But for a line of a K-value not very high, the rotational disidacement can be 
calculated by the following approximate ecjuatiou: 


X Aiv, ... (7) 

where Av,. is the wave-number interval between that line and the band-origin, v,,. 
Hence the rotational isotopic displacement vanishes at the band-origin and 
changes m sign and magnitude according to the position of a line of the main or 
more abundant molecule with respect to the band-origin. 

The observed isotopic displacement of a line in a given branch of a v', v"-band 
is therefore the algebraic sum of the constant vibrational displacement and the 
varying rotational displacement, assuming the electronic effect to be negligible. 

Equatiou (3) can now be expressed in terms of e<|uatioiis (5) and {7), so that 
we have 


[(/o — i)Av, + (p®-i)Av,.]. (8) 

In equations (i) to (8), the different symbols have their usual significance" 
unless otherwise stated. The superscript i distinguishes the symbols associated 
with the less abundant molecule from those of the more abundant one. The value 
of /> is give by 


P=s/pIp' 



M' 

M + M'/M' •+ M' 




(9) 



336 


P. C. Mahanti and A. K, Sengapla 


where M and M ' are respectively the masses of the more and less abundant 
isotoi)es of ail alom. M' is llie mass of olhei componcnl atom of tlie diatomic 
molecule. M, M' and M' may he replaced by the atomic weights A, and A 
respectively when culculating the actual masses. 

It is now easily seen that if a band is due to a mixture of a number of isotopic 
molucnles. then its head or its branch lines should be resolved under favourable 
conditions into the vSame number of components due to isotopes alone becaiiM 
of as many different values of f) 

1 P K N T I P 1 C A T T O N OF TIN ISOTOPES 

It has been noted ill a ])revioiis sertioii that in the high-dispersion spectnV 
grams of (t,o), (o,o) and hi.i) Iiands of the A-syslem of tin monoxide, then 
exists definite indication of tiii-isoloi)e effect on their structure lines. In the 
(i/O band which lies on the shorter wave-length side of the system-origin, tin 
lines appear most difluse near the head but as one proceeds low^ards the tail, the 
diffuseiiess decreases to a minimum and then tends to increase. On tlic othei 
hand, the lines of the (u,u) band are comparatively sharper near the head than 
those away from it. 'These features are qualitatively in accord with the theoretical 
expectations when the dispersion employed is not large enough lo^resolvc the 
isotopic components of tlie structure lines because of very low^ values of separations 
between the dilferenl components. In the (o,r) band (Fig. i), however, tlu 
branch lines are resolved into a number of finer components. Hut there is so 
mucli ()verlai>ping and superposition between the components of the neighbouring 
P- and R-lminch lines that it is very difficult to identify them merely from a 
visual inspection. In the region beyond A 3500, where only the P-branch lines 
are prominent, the isotopic components are, however, easily discernible. They 
are found to occur in groups of four and further on towards the tail of five 
nearly-cqually-si)aeed lines, the two Iiigh-frciiuency ones being much weakei 
than the othei tin ee which are almost of the same intensity. Hence this baii<l 
offers the best oi)portnnity for the identification of tin isotopes from a* measure- 
ment of its structure lines. 

Although considerable difficulty was exiierienced in sorting out the liiu.^^ 
of tlie P- and R- branches associated with the main molecule, ^^^'SnO, oiici 
tliis was achieved, it was then only a matter of calculation of the values of isotopii' 
displacements, “-r, wdtft respect to these lines for identifying those due to tin 
less abiiiKlatil molecules. Ou tlic^ low-frequeucy side of the band-origin, tla. 
displacement is i)ositive for molecules heavier than while it is negative 

for the lighter ones. In calculating the displacements, the values of v, = 29630 3 
cm. ’ and i'„ = 28687 o cm. \ obtained respectively from the vibrational analysi'' 
of the band system and from the structure analysis of the (0,1) band, have beea 
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PLATE XVII 



Fifiure J, 


A portion of the ( 0, J ) band of SnO, A-system. 
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used. The observed displaceuieuts together with their O ~ C values lor tlie liue.s 
of the several less abundant isotopic molecules identified in the present iuvestigu- 
lion are given in Tables II and III. The values of p and p" for these molecules 
are included in Table I. No consideration has, however, been made regarditin 
the isotopic nature of oxygen atom, whose atomic weight is taken as rb. 

Tabi,k 1 


Molecule 

P 

p 

i«SnO 

O QC)SlOI 

0 ^9620^ 

iS’SnC) 

(1 ’999000 

o' 998071 

iWSnO 

1 000996 

1 'ooigtM 

'leSnO 

I ‘002027 

1 ’noj^os} 


Filially the conipleti data of the slruclure lines of the liaiid in ()ueslion ruv 
included in Table IV. 

Tablk 11 


Isotopic Displaceineiits (in cm. ') in tlie R-brancb 


Iv ' 

i 

i 

iMSnO 

i ... _ 

"«Sn('' 

!“ 

Obs. 

- 1 

o-c 

! 

0 i 

cr [ 

o-c 

1 ■ 

1 

1 . - 

o-c , 

1 Obs. 

I o-^r 

L - 


- 

— 

-- 

— 

(.)’gt) 


I ‘92 

( )’( 15 

4 s 


— 

j 

- 

‘ i'Q.1 

o'n:» 

I ’94 

t )‘nc > 

dO 





o’(jh 

O’ on 

1*96 

-n’ol 


— 


! 

- 

O'f^'*' I 


j-Hg 

n'n; 

-iS 


— 


- 

: 

I 

<1 UH 

1 gi 

*‘5 

'V 

— 

— 

1 

- 

o ‘96 I 

n’ol 

2 04 

— n*fi 7 


- 

_ 


- 

o’gS 

“-n'oi 

2 '00 

- n’n^ 

.)> 



1 

* 

t 

t f’OU 

'i'9ol 

to'o8) 

■■ 1 





I 'iK 1 


(I q6) 

(o' 03) 

1 

3 ; 

— 

_ 

- „ 


o’0 

O'Oi 

(2 '08) 

^n’oS) 

,V1 ' 


' 


— 

o'gH 

O'Ol 

I '94 

o‘o7 

:is ■ 

— 

1 



— 

O' 9 "^ 

O'OT 

2 '00 

n'on 



i — 

- 


096 

0 ’u 4 

I'gS 

o'o5 


— 


_ 

— 

— ■ — 





5 


m 
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I'AHi.K n (co/ltd.) 
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Table III 

Isotopic Displaccinciits {in 
in the r — brancli 


7- 


1 


1 


1 



1 

1 

’MSiiO 

>«Su<) 

*'BSii( ) 

"OSiiO 

1 

K 1 




1 





1 

! 

Obs. j 

O^C 

Ob.s. 

1 

o-C 

Obs. 

( )— C 

( )I)S. j 

1 

O-C 


- 1 

— 

— 

— 

I’lO 

— d'io 

-- 

— 

.M 

- 

— 

— 


i‘(\S 

— tj'i iS 

- 


i 

— 

- 


- 

1 "‘i-J 

— u‘t»i 

— 



— 

— 


-- 

I t/) 

— d'd:; 






— 


I 04 

— 


- 



— 




o’ 1 

1 ■ 92 

trie, 


— 

- 

- 


U‘96 

'j‘07 

I '99 

o’oy 

2; 

— 

— 

— 

— 

1 ‘<-»5 

— 0'(>J 

2’I[) 

— u’ui 

l’8 


— 

— 


>■<*5 

— t)'(ij 

2 ’08 

o‘r)3 

-!9 

— 

— 

— 

— 

1 

ri I 

■ ('’"7 

15 

-o'i)3 




-- 

- 

r j«» 


2 12 

o’tu 


— 

... 

-- 

— 

j 06 

( t'< ii 

2 ‘ J2 

( 1 (.jS 


— 

— 



j tJiS 

— n 20 

227 

-'^•J2 

33 


— 


-- 

i’o8 

— o’ltl 

2' l(i 

o'ui 

3 ^ 

— 

— * 


— 

I u.S 

-O'l.J 

2'jS 

0'(i0 

35 

— 

— 



J ■] I 

— 0 

2 ’ 1 

(ro3 

3 ^ 

— 

— 

' 

1 

1 i'i2 

“ 0 (»3 

2 22 

— O'OJ 

37 

— 



1 

1 ’lo 

— O’oJ 

2'2I 

o'oi 


— 

— 


' 

r Jn 

OCX) 

2'22 

o‘o2 

39 


— 

— 


I'J I 

( >■( )0 


o’ijo 

40 

— 

— 

— 


I'l J 

f/ol 

2 ’28 

- (j'OJ 


— 

— 

— 

— 

II8 

(i‘o6 

2'27 

o'f Ij 

Ai 

— 

— 

— 



0'(M) 

2’29 

0‘OI 

43 

— 



- 

ri/1 

o'u(* 

2-42 

— o'lr 

44 

— 

— 

— 

— 

i '*5 

o’tn I 

2 '33 

o‘(y I 

45 







i‘i6 

(» 00 

2*24 

Oil 









— - 

, _ — — 
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Tablk 111 (conid.) 


iMSnO 4 'MSiiO ”8SnO j ’’eSiiO - 



r)ks. 

( 

O-C j 

L 

01, s. 

o-c : 

Ohs. 

r 

o~c j 

Ohs. 

o-c 

46 

i 




1-16 1 

o'ori j 

j 

2-40 


47 



! 

— 

ri«s 

“-O'Ol j 

i 

i 

2-36 : 

n’L)2 

4 '^ 

i 


1-2] ; 

— n’o/J 

1-19 1 

-O-OJ i 

2 '37 ' 

(,-03 



-- 

1 *1 r 1 


I.. ; 

— ( )'()3 

*-’■37 1 

0-( 

5 '* ! 



J'i 4 , 

(>‘05 

1 ■ TO 

O'OI 

i 

-’■.V [ 

0-13 

r.i 

1 

- 

I'oS 1 

n-r* j 

1 

1-2J 1 

-- f,’Ol 

2 * 2 

— ti'o6 

5 '4 

" 


i -(.7 

i 

0*1/1 

J'2.S 

1 

— o'ob 1 

2'Sl 

'■ o-ob 


j 

— 

1 ■ i() 1 

1 

r)T)6 

I 26 1 

— ()-()3 j 

'-”55 

-0-05 

M i 

j 


1 

i'n(j 1 

-1.1 I 

I •2’*’ 

— ()-o 4 

2-57 

- o-nb 

, 

1 

1 

1 


i 

i-in 1 

0*14 

1 ’22 

0*03 

2-48 , 

o>o6 

56 1 

- 

-- 

r^n 

“-0*05 

1 '32 

— 0*06 

2 '60 

— ()'f "4 

57 ' 

1 

... 

— 

i-ig 

0*07 

J -20 

— 0*()i 

2\SS 

0-03 

5 ^ 

— 


i-i6 

O'] 1 

I -29 

— 0*01 

2'6t 

— OOJ 

; 

... 


t '28 

0-00 

1 *28 

O'OI 

2*64 

— 0*02 

bn ! 


* 

V41 

-0-1' 

i ‘37 

-0*07 

2*64 

o-no 

Ol 


I 

J '33 

— ()'o 3 

i’ 3 T 

O' 00 

2 '66 

0-00 

04 j 

-- 

: 

I ’46 

005 

T'32 

0*00 

2-67 

0'02 

i 

1 


i 

J -43 

— O'll 

1 1-35 

— 0-02 

271 

000 

b 4 > 




— o-oc 

’'35 

— o-oi 

272 

0-01 

t \s ; 

-- 

- 

1 *30 

— 0*02 

1 i’ 4 ’ 

-0 05 - 

2 78 

— 0-02 

66 j 

- 


J V'|S 

— 0-13 

i 1-43 

— o'o6 

2*6q 

O’OQ 

o; i 

- 

' 


0-0.S 

1-32 

o-o6 

2 ‘83 

— 0-02 

6.S 

"■35 

U -(59 

1452 

““ 0 'J 4 

1-47 

- 0-07 

2-76 

o‘o8 

69 



I '45 

— 0'o6 

I '39 

0'02 

2'8i 

0*05 

70 

• 1*34 

OT/j 

1-28 

0 ’J 2 

T-41 

ool 

2 '86 

('■03 

7 « 

1 "' 3 -’ 

1 

(►•iS 

]'24 

o*i8 

J'42 

O-OI 

2-8i 

CIO 

72 

j -^-43 

t)’09 

1*34 

' 0.09 

’■45 

0-00 

2 ‘ 9 » 

0-03 
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Table III Uontd.) 


1 

1 

i 

1 

1 

124 SuO ' 

'!2Rn( t 


nRSiiC > 

J 

'’StiO 


1C 

i 

i 

Obs. 

o-c 

Ohs 1 

()~C 

Obs 

o-C 

( )1)S 

0--C 

_ ! 

^ 


.L_ 

— 

. 


' 



2 50 

n’o3 

l-->X 

«)i6 

1-30 j 

o'm 

J.H3 

0 i.i 

74 

2 ’63 

0*06 

I'.u 1 

OT 3 

1 t -30 ! 

O'lJ 

: 

015 


2-62 

— 0*05 

1-27 j 

1 

O' 20 

T.41 

( ) oS 

-■8S 1 

0.14 

7 ^> 

2 - 7 -’ 

-0-13 

i‘ 4 S 1 

O' 03 

1 - 5 ^ , - 

- n-(bS 

-’•07 

( »'()8 

;; 

2-74 

^ u-13 

T-/1U j 

0*0] 

1 -.so 

r»-02 


1 »'i8 

7 '^ 

2-78 

— o-rt 

1*46 i 

j 

rj-DS 

: j-y 

()‘c )3 

,V'>" , 

1 

nt I 


Table IV 


vStniclure of (0,1) Hand 


1 

W'MVC'nniiibt'i’s 

(' in cni.'l) 

Ickiililu'Htioii 

\Vnvc-iuinibi‘i‘s 

0' in rm b 

Identilioalioii 

2!-6S7-5f) 

' 5 »R(ih) 

28676- 00 

26) 

SO '84 

120K i;) 

7 y 4 <'' 

'MR(z 7 ) 

86 -ub 


75 ’oo 

1MK(26) 

85-20 

>MR(] 9 ) 

74.48 

"BR( 27 ) 

84-26 

1*®R(2o) 

73-87 

1 MR( 2 S| 

« 3'24 

>«R( 21 ) 

73-57 

>MR( 27 ) 

82-14 

‘MR (22) 

72-90 

“»R( 2 S) 

80-97 

‘Mr (23) 

72-22 

‘MR( 29 ) 

79-72 

i*or^ 24 ) 

71.96 

”«R(28, 

78.82 

“ 8 R( 24 ) 

71 ’26 

“•R^ 29 ) 

78-38 

imrizs) 

7048 

'Mr( 3 oi 

77-80 

”»R( 24 ) 

7018 

“•R( 29 J 

77-44 

‘MR (25) 

69-50 

‘MR( 3 o) 

76-96 

iMR(26) 

68-68 

‘Mr (31) 

76-44 

“•R( 25 ) 

68-48 

! “^(30) 
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Tabi,k IV (could.) 



Structure 

of (o.i> Haiirl 


Wavc-n umbels 
( 1/ in nil. 

Itlcntiluatjon 

Wavt'-xmmlitrs 
( in I'Hi M 

1 

1 

Identificatu)!! 

2 S 6 by' 7 () 


28650 28 : 

ii"R'39I 


1 *oR( 32 ); 

/I') 56 1 

1JD]M24) 

6 .S- 7 R 

»>R( 32 I 

49*22 1 

118K(39i 

(14-82 

w«R(33) ; '“Rtaai 

48-7^ 1 

^^(’Iv(40'r 1 

63-8(1 

ii#R( 33 ) 

•18 32 

116 P( 24 / 

627/1 

’ 2 «R 134 I: “«K( 33 ) 

47*72 

'l«k(4ul ' 

(>1 -76 

""R( 3 ^» 

■16-97 

'*»!'( 2.3) 

6n-8u 

>'»R( 3 - 1 t 

46 'Ot) 

lURi/lt.l 

(Xf(n t 

1 J 0 K( 35 ) 

<|6c>7 

'* 0 K (4 1 1 , 2S' 


iih 1 <( 3 S, 

•IS '■>3 

1 ' 8 RI 4 i, ; " 8 |' 1 .: 5 ) 

_S8'(j6 

U0I-(2(jj 

44*34 

'*81*1 20) 

38 6 i ) 

'I 6 R( 35 ) 

44-1 0 

’(‘•U(4I ) 

58 3 ^> 

>i«R( 36 , 

43 * 3 "’ 

'*i'ki42i ; i'»I‘ 20) 

57’86 

I'Sl’t’o) 

')» 35 

"'’R14.0 , 1161*126) 

67 

U''Rl36i 

41-63 

l‘''n*. 27 ; 

56-72 

**•>1*121) 

41 3 " 

i"'R( 42 ) 

56*38 

*>*Ri36) 

4 ‘>'S 8 

i*«R( 43 i ; 1'81*i27) 

56-08 

**'>Rt 37 ) 

39-53 

ii 8 R'.. 13 );ii 8 r( 27 i 

55 '64 

1181 * 121 ) 

38-SE 

iiopiaS) 

.SS'io 

ii8R(37i 

38-48 

ii*R(43) 

54*44 

mp(22> 

37 ‘76 

i«'R( 44 ) ; 118P(28) 

54 * 1 C) 

11 BR 137 ) 

36-73 

118R1441; iWPuS' 

53*72 

1“R(3«) 

35-9* 

1*«P129J 

53 42 

11»P(22» 

3565 

ii«R(44) 

52*68 

i'"Rtj 8 ) 

3481 

i«R(45):)‘*1’<29) 

52'U2 

■*®p(23) 

33 77 

"®Rt 45 ) ; )'* 1 ’U 9 > 

5167 

11 «R( 38 ) 

32-92 

nop (30) 

51-26 

«»R( 39 ) 

32*66 

i«Rl 45 ) 

50-96 

) 18 P( 23 ) 

31*82 

i*»Rl46) ; *)*r(39) 
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Tahi,k IV L'onid) 


\V;ivi:-miniber.s I 

(i- in cm ) 


Wavc-tnunlKTS 
ij' in ctn. ' I 


IiUMitilK jtion 


S 630 ' 8 o 

i'’R(4(ii : ii«P(3o' 

jS 6 i 3 - 4 S , 

ilOp( 36 ) 


iJop(3i) 

13-38 j 

"“Risri 


ii<'R( 46 > 

12*36 

”"P( 36 i 

'jS’86 

llRpf^, ) 

11 ‘OS 

'"RI33I 

2S'7<i 

i?nR,^7l 

ir26 j 

”*Pi 3 (-., 


HNR|, 7 ,; 1161 >, ,,, 

! 

io’>^ 1 i 

''"Ris-" 


120I‘I3,M 

i(»*<)M 1 

1 

I*0l>(o7 1 


”fiRi 47 i 

( If) ’ 7 1 ' 

"»R(53) 

as 7 ‘‘' 


f»S‘oo ’ 

I 


'^5 *52 


fiS 32 1 

1WRI53I 

24 * 5 1 

'"*R(.|S); ''61>(3i) 

''7 7 '< 1 

lUi).,,-, 


110 P( 33 i 

07 20 , 

ii«ki53. 


i'«R' 4 K) 

nfr.jo 

‘"P(3,S) 


nai-fjji 

Ob* in 1 

"«R(53i 

22 * 2 } 

'®<'R(4yi 


>'»P( 3 H) 

23 '^} 


n/|’6h 

'"R(,‘;4) 

Jl‘l8 

”eR' 4 Mi 

04 J-'' 



''i"ip(34l 

^13 34 

"■''R(,S 4 I 

2n’i() 

n«R( 49 l 

0272 

'"P'3(>) 

ICJ 20 

”"P(34) 

n2'43 

l'«R(54i 

lK’t)n 

”«k( 5 o) 

01 '61 

''*P(3M 

iS'lrj 

n«P(34i 


>"R(.x3I 

17'8:» 

ii«R| 5 ») 

tin* 17 

"«P( 3 m 

l6'0 

'"Pi 35 ) 

3'jg7-i 

1 ' 

""R(^,| 

i6 70 

""Ri.Sol 

oS (/') 


'"P' 411 ) 

^S '85 

'"1>(35! 

()S'6r) 




iWRiSi) 

b 7‘«5 


>"^(4.1) 

14 '80 

Il«pi35) 

i/yc)n 

i 


14:40 

'"Ri.Sil 

c)6-68 

"»P(4o) 
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TABMi IV 

(covid.) 


Wn V “1111111 her h 

Idcntifiration 

W’avf !ininbt^r‘^ 

IilelitlficatioM 

(iM'n CIH. ') 


It' in cm 1 

38374 *80 

1 

1 

I 2 «P( 46 ) 

as'i2 

WOPI41) 

73 ' 9 '^ 

'ifR'61) 

9470 

"»R( 5 A) 

73 ‘64 

"«P(46) 

9394 

''*P(4i ) 

7 '-C «3 

'**R(62) 

93 ’o" 

'*<• 14 ( 57 ) I 

73-40 

''•P' 46 j ; 

i*»R(62) \ 

94 ’Hs 

"«r'4i) 1 

7 ' ■ 7 <’ 

gi 

" 8 R 1 , 57 > 

7()’6i 

"8R(62) \ 

gj '^3 

'*“P(42( 

7 "‘ 4 - 

iz(»p( 47 ) 


"«R( 57 ) 

69*43 

"«R(62) 

()i)‘j() 


6'/* 34 

'i»P( 47 l 


I'iOR ;,m ; 'l«P(42} 

6S’,'|3 

'**R:63I 

S; .S6 

"8R1 5 .S) 

hS-o6 

"«P( 47 ) 


**“P( 4 AI 

67'38 

'*"Ri 63 ) 

86 '6 j 


66*07 

'«'P(48i ; ““Rlo.p 

H6’oS 

”«P( 43 ) 

6'! *88 

nHp,4,5); iiBR ftj, 

S4‘8i» 

'*'IR( 59 ) ; “''P) 43 > 

63't)i 

'*-Ri 64 ) 

83 ’66 

''»R( 5 q) 

1 

63-70 1 

li»P( 48 t 

■Wi.s 

’*<'P( 44 ) 

62-68 

'*»R(64) ; i*''P( 4 ii) 

^-'17 

"®R( 5 .)) 

<>'■57 

’*“P( 40 ) : "®R(64l 

8::'oi) 

•'»P( 4 ' 1 ) 

60 -3.5 

1 '"'P( 49 : ; 

80-83 

"•P( 44 ) 

59 ’ 20 

'*«P( 49 ) 

^0*54 

HORieo) 

‘.,8' 15 

ISJpijo) 

70*40 

'"'R(6c0 

.S 7’‘6 - 

! '*«P(5n) 

79'oo I 

'‘<'l'' 45 ) 

S5*8? 

1 

"8P150I 

7 ^ *^3 

"»R( 6,4 

64 ’ 7 ' » i 

’'«P. 5 ..ii 

77 '^-\ 

lisp,,,,) 

S 3 ‘l<' 

i®2p(3i, 

77 ' 4 i 

'**Rf 60 


'tKPi.ml 

76*76 

"•P( 45 ) 

5t‘t6 

'‘"Pl 5 i) 

76-19 

H«R(6tV 

, 19-86 

"6P(Sl) 

7 S'o 8 

'«R(6i) j 

48-71 

U2P(S2) 
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Table IV {contd.) 


Wave-numbers 
(v in cm,~‘) 

Identification 

Wave-nimibers 
(v in cm. ' ') 

Identification 

3854764 

1 MP( 52 ) 

28509-38 


46-36 

1 «P( 53 ) 

08 ‘00 


45 TO 

»«P( 5 a) 

o 6 -s 9 

i*'>P(6o) 

43’97 

1221.(53', 

05-22 

>'*P(6ol 

43 ' 8 t 

i2op(53) 

03 '95 


4 T ‘55 

”®P( 53 ) 

02-39 

''‘‘■*P(6i| 

40'26 

”®P(S 3 ) 

01 ‘06 

I'lnp (j, , 

39 '00 

*»P(S 4 I 

49975 


3791 

™P( 54 ) 

98-40 

'iip.ej) 

36-63 

ii«Pt 54 ) 

96-69 

™P(62) 

35 ’34 

”®P( 54 ) 

95*43 

^®®Pi62) 

34-04 

« 2 P(SS) 

g 4 iT 

^*®P(62) 

33-92 

i“P(S 5 ) 

9376 

>'«P( 63 ) 

31-70 

“®P( 5 S) 

91 ’13 

1 »P( 63 ) 

30-44 

>“P(S 5 ) 

89-70 

>’®P(63) 

29-14 

1 is*P( 56 > 

88-35 

"«Pi63) 

1 

27-84 

iaop(s6) 

86-99 

IWP( 63 ) 

26-52 

««P( 56 ) 

85-26 

W‘P(64) 

25'24 

ii6p(56) 

83-88 

iMT>( 64 ) 

23.84 

'**P( 57 ) 

82 '53 

” 8 P( 64 ) 

22-65 

«op( 57 ) 

8i-i6 

i' 6 p 64 ) 

21-36 

ii8P(s7) 

79‘30 

>«1’(65) 

20-10 

1 HP(S 7 ) 

77 '94 

'*«P(6s) 

18-67 

Jnp(s8, 

76-53 

>'8P(6sk 

17-41 

»op( 58 ) 

7576 

''6p,6s) 

16-12 

i18P(58) 

73-39 

1 MP( 66 ) 

14-80 

1WP(S8) 

71-91 

JMP(66) 

13‘30 

*”P( 59 ) 

70-48 

ll8p(66) 

12-02 

« 0 p(s 9 ) 

69-22 

>'«P(66) 

K )'74 

« 8 P^S 9 ) 

1 

67*07 

1«P(67) 

J 


6 
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Tabu IV {contd.) 


Wave-numbers 
(i' in cmr^) 

Identification 

Wave-numbers 

[v ill 

-1 

Identification 

3846578 

wop( 67 > 

28428*93 

I«P( 73 ) 

64*/|6 

‘«PC67) 

27*70 

iMp( 73 ) 

62-95 

U 5 P^ 67 ) 

26-42 

”“P( 73 ) , i 

61*17 

‘Mr(68) 

25-06 

U 8 p( 73 ) 

60-34 

IMP(6K) 

23*57 

“®P' 73 > \ 

58-82 

nop,68) 

22*25 

) 2 <P( 74 , 

S 7‘35 

n«P(68) 

20*c)7 

iJ 2 p 74 ) 

56-06 

"«P(6a) 

19-64 

• 2 «Pt 74 l 

S 4-92 

»<P(69) 

18-28 

1 >*P( 74 ) 

53 '99 

HJP( 69 ) 

i6*8o 

1 ^®P( 74 ) 

52' 54 

«»P(69) 

15-38 

’^®P( 75 ) 

51-15 


14*03 

U 2 P( 75 ) 

4973 

'WP( 69 ) 

12*76 , 

J!op( 75 ) 

48 ’6^ 

i«P( 7 o^ 

11 - 35 . 

""Pl 75 ) 

47*54 

i«r( 7 o) 

09*58 

««Pv 75 » 

i|6-26 

120p(7n^ 

08-50 

12 <P( 76 ) 

44-85 

>i*P( 7 o) 

07 '2^3 ' 

Wl]‘f 76 ) 

43 - 4 f^ 

ii*P( 7 o) 

05-78 

H«P(76) 

42-00 

mp( 7 i) 

04-19 

ii#P( 76 ) 

40-93 

UJp( 7 T) 

02 ’81 

ii(ip(76) 

39-68 

JSop(7ji 

01-44 

i«P( 77 ) 

38-26 

I 18 P( 7 i) 

uo’ig ^ 

mr( 77 ) 

36 87 

ii6i'(7j( 

39S-70 

iMp( 77 ) 

35-43 

• >«p( 72 ) 

97-21 

ugpr 77 ) 

34*34 

lJ!p(72) 

95'8o 

il6p(77) 

33*00 

U 0 P 173 ) 

94-30 

i«P( 78 ) 

3^*55 

iiep(72) 

92-98 ■ 

1 »P( 78 ) 

30-09 

U*pf 72 ) 

91-52 , 

1 «IP( 78 ) 


Isotope E0ect in the Band Spectrum of Tin Monoxide 347 

The structure analysis of the I) bands observid for the first lime by lyooniis 
and Watson is nearly complete and will Ijc reported in a subsequent comnmniea- 
lioii. 

The authors acknowledge their best thanks to Prof. Dr. P. N. Ghosh, the 
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“ ON THE POLARISED FLUORESCENCE OF ORGANIC 

COMPOUNDS ” 

By SACHINDRAMOHAN MlTRA 

^Received jor publication^ October 6, 

abstract. The variation of the pcjlarisatioii of fluorescence of the dyestuffs with the 
cliange of (a) the viscosity of the solution, (h) the temperature of the solution, and (f) the con- 
oeiitratiou of the dvestuffs has been investigated experimentally. In all the cases it has been 
observed that the degree of polarisation tends to vanish at low viscr)sitie.s or high ti-mpcratures 
or at high concenfratioiis of the dyestuffs while at very high visef)sities or low tem])eratnre or at 
very low^ concentrations of the dyestuffs, the polarisation tends to reach asymptotically a certain 
limiting value which is dependent on (a) the nature of the dyestuffs, (b) the wave-length of the 
exciting radiation, and {c) the nalurc of the solvent. These results have been discussed on tlie 
Ijfisis of Perrin’s theory. Tlic varialiou of the polarisation with the wave-lengths of the exciting 
radiations has also been invesiigalcd in del ail. It was found tJiat tlie polarisation first 
decreases with the increase of the w'ave-leiigth of the exciting radiaii(m and increases again after 
rcacliing a minimum value which is negative and occurs at the exciting w’ave-leiigths which are 
( Imracteristic for the molecules of the dyestuff. 

Besides the investigations mentioned above, the average life of the dyestuff niolceulcs in 
I he excited states, the absorption sj^ectra of a large number of dyestuffs in glycerine solution 
in the ultra-violet region, tlie influence of one dyestuff molecule on the polfirisalion of 
fluorescence of another dyestuff molecule ami the (luenching of the fluorescence of the dycstulls 
in solution by the addition of foreign substani'C have been investigated. 


G K N li R A T IN T R 0 1) U C T 1 0 N 

A large amount of experimental work has been done, csiiccially during 
recent years, on the fluorescence of dyestuffs in solution. ^ Much of the work, 
however, has been more or less of a qualitative nature ; even where quantitative 
mefasurements have been attempted, the results obtained by the various experi- 
menters differ so widely from one another that they can be considered only as 
giving the order of magnitude of the quantities measured. This is especially so 
in the case of measurements on the polarisation of fluorescence. It is now 
definitely known from the work of Weigert, ^ Wawilow, Schmidt, ^ Perrin, 
Oaviola and Priiigsheiiii and others that the degree of polarisation of the 
fluorescent radiations emitted by vSolutions of dyestulfs depends among others on 
the following factors ; — the temperature and the viscosity of the solution, the 
concentration of the dyestuff and the wave-length of the exciting radiations. 
For most of the measurements on polarisation, however, sufficient data regarding 
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these faelurs arc not available to enable us to know the exact conditions to 
which the measurements refer. 

At the same time it is generally recognised that accurate measurements on 
the polarisation are likely to throw considerable light on the nature of 
fluorescence, which would be highly welcome in view of the unsatisfactory nature 
of the various theories that have been proposed from time to time — not one of 
them being capable of explaining satisfactorily even the essential facts of the 
phenomenon. 

A few years ago it was, therefore, felt desirable to make systematic 
measurements on the polarisation of the fluorescence of some typical organic 
compounds for different wave-lengths of monochromatic, excitation, at variomi^ 
temperatures, for different concentrations of the compound and also the influence 
of foreign substances. 'I'he present report gives the results of our further 
measurements with a critical discussion of the results obtained so far. 


T H It O P T 1 C> Iv ARRAN O K M R N T 

'I'he light from a quartz mercury lamp, automatic copper, cadmium and 
zinc arcs, rendered monochromatic by passage through a Hilger constant deviation 
quartz monochromator, was used, in general, as the source of excitation. In ordci 
to eliminate the uncertain polarisation introduced by the crystal-quqrtz parts 
of the moiu<chromalor, the light issuing from the monochromator was allowed to 
pass through a polarising prism before incidence on the fluorescent solution. _ The 
polarising prism was of the Gian type, and was transparent to the ultra-violet, 'flie 
fluorescent solution was contained in a rectangular cell with windows of fused 
silica. By keeping the exit slit of the monochromator very wide, and shifting 
the telescope lens of the instrument suitably towards the slit, it w'as possible to 
focus the radiations of any required wave-length at the centre of the cell 
containing the fluorescent solution. 'ITic light so focussed was naturally in the 
form of a vertical thin sheet, which, when viewed from above, looked, especially 
in the neighbourhood of the focus, like a thin parallel pencil of light. This 
direction of observation was, therefore, very convenient for measurements on 
“ transverse " fluorescent radiations. 

The partial polarisation of the fluorescent light was measured in the usual 
manner by the Cornu method. Since the fluorescence was in the visible region 
for the dyestuffs studied here, the measurements could be made visually : where 
the intensity was very feeble,*and sometimes also in other cases for a corroboia- 
tion of the visual measurements, the measurements were made by photographing 
the tracks by their fluorescent light. Since the technique of these measurements 
is well known, it is unnecessary to describe here the details. In some cases the 
measurements of the polarisation were made by a Savart plate in the usual 


way. 
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M E P E N D E N C E OF P O L A R T vS A T T O N 0 N T II E WAV E ’ L E N O T H 
OF THE EXCITING R A D I A T I O N vS 

Before proceeding to the results obtained, it is necessary to explain the 
notation adopted by us. The incident light is linearly polarised, and the 
11 icasurenients refer to the fluorescent radiations along a direction normal lo the 
plane containing the direction of vibration and the direction of propagation of 
!be incident light. The fluorescent light is in general partially polarised, its 
\'ibrations along the direction of propagation being usually less intense than the 
vibrations in the perpendicular direction. The polarisation is then taken as 
positive and is measured as usual by the ratio of the difference in the intensities 
nf the two vibrations to the sum of the two intensities, the ratio being expressed 
,1^ a percentage. When the vibrations along the direction of projiagation are 
more intense than those along the peri)cudicular direction, a>s happens in some 
(mses, the polarisation is taken, consistently with the above notation, as 
negative. 

The results of our iiicasureiiients of the polarisation of fluorescence excited 
by different wave-lengths after correcting for the ] solarised fluorescence of 
glycerine, are given in the following tables and are gra[>hically shown by the 
accompanying curves. The tables and the figures conclusively show that the 
in»]arisatioii generally decreases to a minimum value as the wave-lengths of the 
exciling radiations decrease and then increases on the further decrease of the 
wave-lengths. This miiiiniiim value is negative and is reached when the exciting 
livlil is near about A 3131 A. 

It may be mentioned here in passing that Jablonski ^ reported recently 
that in the cases of various colouring matters in glycerine solutions, the 
polarisation of the fluorescence progressively decreases with the decrease of the 
wave-length of the exciting radiation and under the ultra-violet excitation the 
polarisation practically vanishes. Later on Griseback ^ observed that the 
polarisation attains the maximum negative value at two wave-lengths* of tlic 
-xcitiug radiation in the case of eosiii instead of at one which \vc observe at about 
V 312 He also claims that the polarisation is zero when the exciting 

ave-Iength is at about A 365 mfi and 326 But our measurements of the 
jHilarisation for various exciting wave-lengths do not agree with those of the 
^iforesaid workers. 


^ Wc shall further return to this point at a later part of the paper. 
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Figtjke 1 



Wave-length 


Figure a 
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Wave-length 

Figure 3 


TABtE I 

Percentage of Polarisation of Fluorescence in Glycerine. 
Concentration of the coinpound = ^ x 10 “'" gni;c.c. 

Temperature = 28° — 3o®C 


Wave- 
length in 
mp 
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Table I {contd.) 


Percentage of Polarisation of Fluorescence in Glycerine. 
Concentration of the compound = 4 x io“®gni/c.c. 


Tem] 

aerature = 28° 

1 

O) 

0 

0 

0 



Wave-length 

AcrO“ 

Aesculin. 

Naphthyl- 

Sodium 

C‘Amiiin 

in mju 

flavine. 


amine. 

salicylate. 

benzoic 

acid. 

436 

38 

34 

22 

42 

14 

405 

35 

— 


— 

— 

365 

33 

37 

18 

37 

16 

326 

0 

33 

16 

35 


313 

“10 

29 


30 

10 

298 

-12 

0 

0 

0 ? 

o\ 

278 

0 ? 

“9 

“8 

-7 

-s \ 

265 

8 

0 

0 

5 

-3 f 

254 

15 

31 

10 

19 

7 ; 

233 

28 

36 

20 

33 

13 


polarised fluorescence in other solvents 

In order to find out whether this change of the percentage of polarisation, 
especially of the negative value, is due to the influence of the nature of the 
solvent, we undertook a detailed investigation on the effect of the exciting 
wave-lengths on the polarisation of the fluorescence of the compounds in various 
solvents. The solvents used were sugar solution, castor oil, glycerine-walcT 
mixture, collodion-ether mixture. The results of our ineasui'einents are given 
below. 


Tabi.h II 

Percentage of Polarisation of Fluorescence in Castor oil. 
Concentration of the compound = 4 x lo^^gni/c-c. 


Temperature = 28®-“30*'C 


Wave-lengths 
in tn/A. 

■I 

Eosin. 

Asculin. 

Rhodaniiiie. 

Magdala 

red. 

S 4 <> 


45 

■ 

40 

43 

535 

— 

45 

— 

— 

4 X 

517 

— 

— 

— 

— 

33 

509 

— 

— 

— 

31 

3 * 

480 

— 

— 

— 

38 

39 

466 

— 

46 

— 

— 


436 

45 • 

47 

30 

26 

21 

, 45s 

44 

40 

— 

12 

— 

365 

40 

28 

37 

0 

IS 

336 


“6 

35 

-12 

r-8 

1 ^ 

313 


— 10 

33 

— 12 

-8 

398 


-7 

0 

—6 

—6 

378 


a ? 

—6 

7 

. 0 

365 

9 

10 

0 



334 


31 

20 

33 

lia 

333 

26 


24 

35 

3 b 







Wave-lengths 
in iHju. 1 

Fluorescein, 

Kosin 

Asculin. 

Rhodamine. 

Magdala 

red. 

546 

— 

45 

1 

42 

40 

535 

— 

44 


41 

— 

517 


44 

— 

39 

39 


— 

43 


38 

3S 

CO 

c 



— 

— 

1 

36 

1 

436 

46 

43 

35 1 

28 

31 

4 fJ 5 

44 

40 

— 

— 

26 

365 

36 

26 

32 

9 

18 

326 

0 

-7 

30 

— 10 

-7 

313 

— 10 


28 

— 12 

r^8 

398 

— 12 

-6 

11 

f— 6 

^4 

378 

— 


-5 


— 

265 

9 

11 

5 

18 

5 

254 

J 5 

20 

20 

27 

10 

333 

22 

23 

29 

34 

19 



t^lGTOE '4 
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Figtjre s 

* 

The tables and the curves conclusively exhibit that though the value of P is 
different for different solvents, the general nature of the graphs practically 
remains the same and the negative values persist in all the cases. 


POI^ABISED FLUORESCENCE IN THE SOLID STATE 

We have also measured the polarisation of fluorescence in the solid solution. 
A measured quantity of gelatine was added with a small quantity of water in a 
test-tube. They are then gently warmed till there was a very thick emulsion. 
To this was added a measured amount of stock solution of the fluorescent 
organic compound. The whole was stirred vigorously so as~ to make a uniform 
solution of the organic compound. This emulsion of gelatine was poured on 
a flat glass plate. On being dried the film exhibited an intense fluorescoace. 

Measurements of the 'polarisation ■were made in the forward direction with 
the plane of the film perpendicular to the path of the exciting light, in order 
to avoid the influence of the polarisation due to the reflection at the surfaces, 
which would affect the measurements along other directions! complementary 
colour filters were used to cut off the incident exciting light. The results are 
given in the Table IV. 
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Table IV 

Percentage of Polarisation of the Dyestuffs in solid solution. 
Concentration = 4 x lo’^gni/c.c. 

Temperature = 28“C 


Wave-length in 
mjA . 

F lucre acein. 

Fosin. 

'Rhodaniine F. 

Magda la Red. 

546 

— 

22 

12 

21 

436 

24 

10 

lu 

12 

405 

20 

S 

8 

18 

365 

12 

5 

0 

7 

326 

-4 

"2 ? 

“5 

“3 

313 

-8 

-3 

“5 

-3 

298 

-6 

-2 ? 

0 

o 

278 

5 

0 

4 

3 

265 


— 

7 

5 

554 

IQ 

15 

10 

8 

1 


I N F L U E N C R OF T TT R VISCOSITY O 1-' T H F, SOLUTION 
ON THE POLARISATION 

In a well-known paper Perrin has investigated the dependence of polarisation 
on the viscosity of the fluorescing solution, and has deduced on the basis of the 
theory of the Brownian rotation of molecules an expression for the above 
dependence. The essential principle of the calculation is as follows : — 

Assuming that the molecules are rigidly fixed in space, if an incident 
polarised light excites fluorescence in the medium, the polarisation of fluorescence 
will have a certain value po which is characteristic of the substance. If on the 
other hand, as in the actual experiments, the molecules are rotating, the mean 
square of the angle of rotation per second can be calculated in terms of the viscosity 
of the solution and its temperature from Einstein s theory of the Brownian 
motion; hence the "expectation” of rotation for a time r can be calculated, 
where r is the mean duration of the molecules in the excited states. The smaller 
this angle of rotation, the more closely would the actually observed value of the 
polarisation approximate to the ideal value, viz., Pq. Thus for very large 
viscosity or very low temperatures p should reach asymptotically the limiting 
value ^>0, while at high temperatures or low viscosities the polarisation ought to 
reach again asymptotically zero value. 

We will quote here only the final expression obtained by Perrin,*^ via. 
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P=Po- 

where p is the degree of polarisation observed under the actual condition of the 
experiment and po the value for the same molecules when they are not allowed to 
rotoic from their initial orientations ; ^)„ would evidently be limiting value olp 
when either the viscosity is very large or the temperature very low. E is the 
gas constant for gram molecule and V the gram-molecular volume of the dyestuff, 

T is tlie absolute temperature and rj is the coefficient of viscosity, r gives the 
mean duration of the fluorescing molecules in the excited slate (defined as usu^l 
by the relation I = ) under the actual conditions of the expciimcni; 

the excited molecules are in an isolated state, i.e., free from collisional and othclf 
influences of the neighbouring molecules, the duration will be that due to the, 
radiational resistance alone, and can be readily calculated. For example, when 
the fluorescent band is in the green at about 5oooA°, calculation gives for r the 
value ii-i X lo”® secs, in vacuum, or in glycerine solution for which the 
refractive index is about 1*47 the value of t would be equal to 7’5 x io“® sec. 

Table V 

Polarisation of Fluorescence in Succinyl Fluorescence excited by A 4358 A 


Percentage by wt. 
of glycerine. 


Viscosity in 
Poises. 


Percentage of polarisation [P=p x loo] 


Concentration Concentration Concentration 
c = *o8.io”6gm/c.c. c — -8.10“^ gm/cx. c==i.io“® giu/c.c. 


*047 


o 
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But actually there may be other channels through which the energy of the 
fluorescent molecule can be dissipated — other than radiation— as for example 
collisions of the second kind, etc., all of which will effectively tend to diminish 
the mean duration in the excited state. 

In order to be able to get some information regarding the duration of the 
excited state measurements were made on the polarisation of fluorescence of 
fluorescein solutions in glycerine-water mixtures whose relative proportions and 
hence the viscosity could be varied over a wide range. The concentration of the 
dyestuff per c-c, of the solution was kept the same in all cases. The results of 
the measurements are tabulated in the following tables. 

The values for the viscosity given in column two of the table are calculated 
from the recent extensive measurements by Muller (International Critical tables) 
oil viscosity at diflereut temperatures and various concentrations, by graphical 
interpolation. 



1 — e =8 X 10"® gm./c.c. 

2— e=4 X io“® 


M *> 
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Tablb VI 


Polarisation of Fluorescence in Succinyl Fluorescein excited by A. 3650 A 


Percentage by wt. of 
glycerine. 

Viscosity in Poises- 

Percentage of Polarisation “ P 

Coticentration Concentration 

4 .io '’6 gm./e.r. 8 . 10 “® gm/c.c* 

99 

57 

40 

43 

927 

r8 

33 

38 

86*3 

74 

20 

30 : 1 

8o-8 

‘39 

H 

22 1 

75’9 


10 

13 \ 

71*6 

'17 

3 

8 ' 

67-8 

'13 

0 

5 

64.9 

• 10 

' — 

0 


The values of P for the two concentrations are plotted in the accompanying 
figures. It will be seen from the curves that at high dilutions, i.e., at low viscosi- 
ties the values of P tend to zero and at high viscosities to the limiting value P,„ 
as we should expect from Perrin’s expression. 

In order to have some idea about the mean life of the fluorescent molecules 
in the excited state, t was calculated from the relation — 



T — , 

, , , RT 

(j ' ijyj ‘P 

the following gives the results of our calculation . 

TabIvE VII 

T. 10" sec. for vSiicc. Fluorescein in Glycerine water. 

Fxciting wave length A 4358 A 


Viscosity in Poises. 

T*io* in sec. 

Concentration 
•08 X io'*gni/c.c. 

Concentration 

1 '8 X io" 6 gm./c.c. 

i 

Concentration 
i-io“® gm./c.c. 

74 

3 

5 

9 

■39 

• 3 

5 

9 

•ax 

3 

5 

8 

•17 

3 

5 

9 

'la 

3 

5 


•10 

4 
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TABr.E VIII 


T. lo* sec- for Sue. Fluorescein in Glycerine water. Exciting-A 3650 A 


Viscosity in Poises. 

T-io^ in sec. 

Concentration 

4 io~ 5 gm./c.c. 

Concentration 
■8 X 10"® gill, /c.c. 

i‘ 8 - 

15 


-78 

15 

5 

•39 

■ 15 

6 

•21 

... 

5 


Table IX 


Values of r. lo” in seconds for Fluorescein in Glycerine 

water. Exciting-A 4358 A 


T.io® in sec. 

Viscosity in Poises. 




Concentration 

Concentration 


i-io~5 gm /c.c. 

•o 8 io‘'5 gm./c.c. 

5*7 

9 

3 

1-8 

9 

4 

■78 

8 

3 

» 2 I 

8 

3 


9 

3 



3 

■10 


3 

'O 86 

... 

4 


Table X 

Values of r. 10* in seconds for Fluorescein in Glycerine water mixture. 
Exciting wave-length A 3650 A 



T-io* in sec. 

Viscosity in Poises. 

Concentration 
i-io’® gm./c.c. 

Concentration 
•o 8 *io"® gm./c.c. 

1-8 

9 

3 

•7P 

9 

3 

-39 

8 

3 

% 

•31 

-17 

... 

3 


Thus w e find that within the limit of the experimental errors the values of r 
is practically the same for all the viscosities, though the values are widely 
different for the different concentrations of the fluorescent compounds. Moreover, 
the values of r as calculated from the Perriu’s equation are independent of the 
exciting wave-length. 
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D E T> E N I) K N C E OF THE T O E A R 1 S A T T 0 N O N THE 

T K M P E R A T U R E 

The influence of temperature on p will be two-fold ; directly owing to the 
greater thermal agitation at higher temperatures the ‘ expectation ' of rotation of 
the molecules after excitation, from their initial positions, will be the greater and 
hence the value of p correspondingly smaller. It also affects indirectly by 
changing the viscosity of the solution, the effect of which is also in the same 
direction as the previous effect, viz,, to diminish as higher temperatures. Both 
of these influences are taken into consideration in Perrin's theory. If these are 
the effects of temperature, p calculated from Perrin’s expression ought to be inde- 
pendent of temperature. Conversely this independence, if established experi- 
mentally, may be taken as an indirect proof that there are no other effects of 
temperature. c,g., through increased collisions between molecules, etc. 

Uxperiraentally llie value of p was measured for temperatures from o^C to 
about loo^C. The technique of the measurements is very simple and need not 
be described here. The solution was kept in a glass bulb inside a water tank 
whose temperature could be regulated as desired. The entrance as well as 
the observation sides were double walled and the space between the two walls 
was maintained dry by pieces of calcium chloride kept inside. This prevented 
the condensation at low temperatures of moisture on the w'alls of the vessel, 
which otherwise would diffuse the light and render accurate measurements 
impossible. A small heating coil in these two chambers served to maintain the 
outer wall at the room temperature. 

The results of the measurements aie tabulated below, aud the values of p are 
plotted in the accompanying curves (Fig. 7). 



Figure 7 

I— £=i X 10** gm./C'C. 3— c “4 • 10;;* gm./c.c, 3— c<»8 x io*s gm./c.e. 4— c= i? x lo** 



Polarised Fluorescence of Organic Compounds 


363 


Tahle XI 


Values of p. lOo for Fiuore.sceiu in (llyceriuc. Excitation by A 4358 A 


reniperature ®C. 


Percentage of 

Polarisation. 


c — gni./o.c. 

1 810 

4-IO 

I'jcr^ 


0 

- 

50 

50 

50 

... 

10 

41 

50 

50 

50 


20 

34 

... 

48 

50 

50 . 

30 

26 

37 

48 

45 

50 

40 

17 

32 

36 

42 

49 

50 

8 

25 

29 

3 Q 

45 

60 

5 

20 

26 

52 

39 

70 

3 

12 

20 

26 

1 

80 

Almost zero 

5 

13 

20 

1 26 

90 

n 

Almost 7xro 

5 

9 

17 

98 




7 

n 


Taiu.k XII 


Values of p. 100 for Fluorescein in Glycerine. Excitation by A 3650 A 


Temperature "C. 

Concentration of dyestuff in lo gni. per c.c. 

8 

4 

10 

45 

45 

1 

20 1 

45 

45 

30 i 

1 37 

41 

40 

34 


50 

27 

26 

60 

20 

18 

70 

12 

... 

«o 

5 

... 

90 

4 

•• 

98 

Almost zero 
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Table XIII 


Values of p.ioo for Succinyl Fluorescein in Glycerine Excitation by A 4358 A 


Temperature in *C. 

Concentration of dyestuff in lo ® gm./c cj 

II 

8 

4 

I 

0 

50 

50 

50 

50 

xo 

48 

so 

50 

50 

ao 

4a 

45 

50 

50 : 

30 

28 

37 

45 

48 \ 

40 


33 

36 

40 

50 

8 

35 

30 

37 

60 

5 

20 

28 

33 

70 

3 

12 

22 

34 

80 

Almost zero 

5 

^5 

18 

90 

II 

Almost zero 

5 


98 

... 

... 


10 

* 


Table XIV 

Values of ’100 for Succinyl Fluorescein in Glycerine. Excitation by A 3650 A 


Temperature m "C 

Concentration of dyestuff in lo'® gm/c. 

c. 

II 

8 

4 

I 

0 

42 

42 

42 

42 

10 

42 

42 

42 

43 

30 

40 

42 

42 ^ 

4a 

30 

28 

32 

37 

40 

40 , 

^7 

23 

28 

33 

50 


17 

31 

26 

60 

4 

12 

15 

20 

70 

Almbs zero 

7 

XI 

14 

80 

0 


6 

> ' 10 

90 


! ' 

0 

10 
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TAB1.B XV 

V alues of X lOO for Xhodamine B in Glycerine. Hxcitation by \ 5461 A 


Temperature in "C. 

Concentration of dyestuff in lo"® gm./c.c. 

3 

4 

2 

•5 

1 

0 

f 

41 

41 

41 

xo 

39 

41 

41 

41 

ao 

37 

41 

41 

41 

30 

33 

34 

39 

41 

40 

37 

29 

36 

37 

50 

31 

26 

3 Jt 

34 

60 

14 

21 

27 

29 

70 

9 

17 

23 

... 

80 

7 

15 

19 

24 

90 

5 

12 

14 

17 

97 

0 

5 

7 

14 


Table XVI 

Value of p X 100 for Rliodainine B in Glycerine. Excitation by A. 4358 A 


Temperature in ®C. 

Concentration of dyestuff in lo"® gni./c.c. 

8 

4 

^ 2 

'5 

0 

22 

22 

22 

22 

10 

22 

22 

22 

22 

30 

32 

22 

22 

22 

30 

19 

30 

22 

22 

40 

15 

17 

19 

20 

50 

XO 

13 

15 

*7 

60 

7 

II 

13 

15 

70 

4 

8 

10 

*3 

80 

0 

5 

7 

XI 

90 

tti ’ 

j 


8 
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The general form of the curves is the same as for the curves reinesenting 
the variation P with viscosity. At low temperatures p tends to reach 
asymi)totically limiting value po as for very high viscosities, while at high 
temperatures p tends to vanish. On calculating the values of r on the basis of 
Perrin’s expression we gel the following results. 

It is obvious from the nature of the expression that for values of p 
very near po as also very near zero, the calculated value of r cannot be 
reliable. Hence P has been calculated only for values other than these. 


Table XVIT 

Values of T X lo” for Fluorescein in Olycerine in secs. 
Excitation by A. 4358 A 


Temperature in "C. 

% 

Concentration of dyestuff 

in 10" gtn/c. c. 


1 

12 ! 

1 

s 

I 

08 

30 

83 

18 

9 


40 

75 

19 

8 






# 

50 

72 

18 

8 

4 

60 

1 

17 

S 

? 

70 

1 


6 

3 

80 

! 


6 

4 


Table XVIll 

Values of r X 10® sec. for Fluorescein in Glycerine. 
Excitation by A 3650 A 


Temperature in “C. 

Concentration of dyestuff in io'‘ gm/c.c. 

8 

, 

4 

30 j 



— 

AP i 


iS 

IS 

SO 


17 

i6 

60 ' 

i 

1 

1 

16 

70 

1 

1 

! ^8 

12 
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Tabi.k XIX 

Values of r X lo” see. for Succiuyl F'luorescein in (Mycevine. 
Excitation by A. 4358 A 


Temperature in “C. 

Concentration of dyestuff in 10“® gm/c,c. 

10 

8 

4 

1 

30 

81 

18 




7 .S 

19 

*5 

9 

50 

70 

18 

]6 

9 

60 

— 

10 

16 

8 

70 


iS 

16 

9 


Table XX 

Values of 1- X lo® in sec. for Succiiiyl Fluorescein in Olyccrine. 
Excitation by A 3650 A 


Temperature in ’C. 

Concentration of dyestuff in 10 * gm/c.c. 

8 

4 


18 

— 

40 

^7 

15 

.so 

18 

16 

60 

18 

15 


It is interesting to note that though the value of t shows a very striking 
dependence on the concentration of the dyestuff, it is practically independent of 
temperature except in the case of the strongest solution, vis., of concentration 
i 2 Xio“ 5 gni. per c.c. This shows definitely that only effects of raising the 
temperature are through increased thermal agitation and the consequent larger 
value of expectation of Brownian rotation of the dye-molecule per second and 
through diminished viscosity. 

In the case of the very strong solutions, however, the value of r tends to 
diminish with rise of temperature (see Table XVII, Col. a). 
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Measurements have also been made with other solvents excited by different 
wave-lengths. The results are included in the following tables and the changes 
with temperatures are graphically shown in the accompanying curves (Figs, 

8 , 9 ). 


IN 

Castor oil 



Temp. 
Figure 8 

I — Cn4XlO * gm/c.c. 

3 — C = I, 


Fluorescein 

IN 



VlQVM 9 
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TABtK XXI 

V'alues of P for Fluorescein in Castor oil. 
Excitation by A. 4358 A 


Temperature ia "C. 

Concentration of dyestuff in to"® 

gin/c.c. 

8 

4 

2 

0 

45 

45 

45 

10 

45 

45 

45 

20 

44 

45 

45 

30 

36 

42 

43 

40 

27 

32 

3^^ 

5o 

20 

26 

34 

60 

15 

22 

30 

70 

11 

19 

27 

80 

8 

i6 

25 

90 

5 

M 

23 


Table XXII 

Values of P for Fluorescein in Sugar mixture. 
Excitation by A 4358 A 


Temperature in "C, 

Concentration of dycvstuff in io“® 

gm/c.c. 

8 

4 

2 

0 

45 

45 

45 

10 

45 

45 

45 

20 

42 

45 

45 

30 

34 

38 

41 

40 

25 

29 

31 

50 

20 

24 

27 

60 

17 

20 

23 

70 

14 

17 

20 

So 

IX 

ts 

18 

. 90 

9 

12 

H 


9 
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Table XXIII 


Values' of r- io“ for Fluorescein in Castor oil. 
Excitation by A. 4358 A 


Temperature in "Q 


30 

40 

60 


Concentration of dyestuff in lo-'^ gm /c c. 


14 

15 
M 


9 

II 

10 


We have also calculated the value of t in the case of fluorescein in castor 
oil, collodion ether and gelatine water mixtures. The following table gives the 
values of r for fluorescein in different solvents when excited by A 4358, the 
concentration of the dye and the leinperature being same in all the cases 
(c = 8 X gm./c.c.). 


TABI.K XXIV 

Values of r. 10*^ vSec. for Fluorescein in various solvents. 
Excitation by X-4358 A 


Solvent. . 1 

I T. 10 * Sec. 

T, OlyccrJne 

18 

2. Cflstor oil 

14 

3. Ether collodion 

16 

' 4. Gelatine water 

20 

L 



This shows that the xnerage life depends on the solvent<^. 


1 N r L XJ K N C E ‘t) F C O N C^,E N ' 1 ' R A T I O N O F T H E F L U O R E S C T N c; 
C OM POUND ON THE POLARISATION. 

We have already seen that the polarisation of fluorescence shows a conspi- 
cuous change witl^ the change of the concentration of the fluorescing compound. 
The results of our measurement are given in the following tables and are graphi- 
cally shown by the accompanying curves (Figs. 10, 11), _ . _ 
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Figure io 



Figure ii 
Takle XXV 


Fluorescein at so" C 


c X io 5 gtn/c.c. 


8 

1 

4 

3 1 

'■ j 

'5 

'25 ! 

1 

■14 

..'07 

Percentage of 


37 

'42 

1 44 

45 

46 

5 « 

50 

50 

polarisation for 

3650 

36 

41 

! 

43 

45 

1 

45 

45 

45 
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Table XXVI 

Fluorescein at 50° C 


C X lO® glll/c.c. 

1 

\ 1 

8 

4 

I 

•08 

Percentage of polarisation 
for 

4358 

25 

29 

39 1 

45 


Table XXVII 


Rhodainine B at 30® C 


c X 106 gni/c.c. 


8 

4 

2 

’5 

Percentage of polarisation 
for 

S 4 C’i 

32 

34 

39 

4 Jt 


Table XXVIII 
lioshi al 30° C 


c X io 6 gm/c.c. 


4 

2 

i 

1 

'5 

■25 

■16 

'08 

Percentage of polari- 
sation for 

5461 

37 

41 

44 

44'5 

45 

46 

47 

4358 

41 

44 

45 

46 

47 

50 

50 


3650 

22 

22 

24 

25 


29 

— 


Table XXIX 
Magdak red at 3o'’C 


f X lo® gm/c.c. 


B 

2 ! 

1 ^ 

■5 

25 

08 

Percentage of polarisa- 

5461 

39 

41 

42 

44 ^ 

47 

50 

tion for 

4358 

21 

24 

27 

31 

— 

”” 


3650 

' 1 

ro 

12 

17 

— 

— 
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TABtE XXX 

Sucdnyl Fluorescein at 30® C 

c X loBgin/c.c. 11 8 14 1 I 8 ’oS 

„1 

Percentage of po- j I 

lari sat ion for 4358 28 37 45 I 47 j 50 50 


Table XXXI 

Succinyl Fluorescein at 70® C 


c X TO® gin/c.c. 


11 

8 

4 

1 

Percentage of polari- 
sation for 

435R 

3 

12 

22 

24 


It will be seen from the graphs and the tables that witli increase of concen- 
tration the value i> tends to vanish, while at very small concentrations it tends to 
reach asymptoticaly the same limiling value as is reached by p at large viscosi- 
ties or low temperatures. 

This result is very surprising. We would naturally expect that when we 
increase the concentration of the fluorescent dyestuff, either the effective value of 
r remains unaltered or probably due to increase in the number of collisions 
between excited molecules there will be a small tendency for the excited molecules 
to dissipate their energy in the form of kinetic energy of translation of the 
molecules. This would be equivalent to diminishing the mean period of duration 
of the molecules in the excited slate. This is indeed the case as is shown by the 
direct measurements on the duration of the excited state. 

This diminution in the mean life of the molecules in the excited state at 
high concentration of dyestuff w^ould conduce on the basis of Perrin’s theory to an 
increase in the value of the polarisation, since the molecule would not have 
sufficient time to rotate far from its original orientation where it was excited ; 
and thus the polarisation will approximate closer to its upper limiting value. But 
our experimental results show quite the opposite effect. 

Table XXXII 

Variation of r with the concentration of fluorescein in glycerine at 40® C 

Concentration x 10 Sgm/c.c 10® see A 4358 a 


12 

1 72 

8 

18 

4 

17 

I 

7 

■08 

3 
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Tablb XXXIII 

Variation of r with concentration of Succinyl. 
Fluorescein in Glycerine water at 3o®C. 


Concentration 

X lo"* gm/c.c. 

T K 10® sec. 

A 4358A 1 A 3658A 

•o8 

3 

\ 

' \ 

‘8 

5 

\ 

1 

9 

'1 

15 


Table XXXIV 

Variation of t with the concentration of Succinyl 
Fluorescein in Glycerine at 4o°C. 


Concentration 
X io“6 


T X iL)*' sec. 
A 43,sS A 


II 75 

8 19 


4 


15 


I 


9 


ON TIIIC MAXIMUM VALUE OF THE P O L A R I S A T I O N “ 

We have already mentioned that the value of f>o is the value of the polarisa- 
tion when the molecule is not allowed to rotate from its initial orientation, which 
is also evidently the limiting value of p when the viscosity is very large or the 
temperature very low. The following table shows the values of po for the 
various dyestuffs in various solvents when excited by radiations of various wave- 
lengths as obtained experimentally; — 
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Tabi.e XXXV 

The values of “ Po” (f>o x loo) 


Dyestuffs 

Solvents 

Fxcitiiig 

5461 

Wave-length 

1 

4358 j 3650A. 

Fluorescein 

Glycerine 


50 

45 


Castor oil 

— 

45 

41 


Sugar & water 

— 

45 

4 t> 


Gelatine & water 


45 

38 


Collodion & ether 

— 

40 

35 

Succiiiyl fluorescein 

(glycerine 

— 

50 

42 


Collodion A: ether 

— 

35 

30 

Rhodaniine 

Glycerine 


35 

15 


Collodion & ether 

44 

30 

to 

Acsrulin 

Glycerine 

— 

40 

45 


Collodion & ether 

— 

35 

41 

Hosi n 

Glycerine 

47 

50 

43 


Castor oil 

45 

48 

3 *^ 


Sugar & water 

45 

48 

30 


Collodion Aj, ether 

40 

45 

3 T 


The foregoing table conclusively shows that this limiting value of the polari- 
sation "po" depends on the following factors, vis.:— 

(a) On the wave length of the exciting radiations ; 

(/)) On the nature of the fluorescent molecules ; 

(c) On the nature of the solvents. 


U Iv T R A-V I O L n T A R S O R l* T T O N O F T HE DVRS T U F F S I N 
SOLUTION AND THE NEGATIVE P O L A R I S A 'I' I O N 


The literature on the absorption spectra of the dyestuffs 
that the great majority of the investigators in that particular 
their investig^ation within the visible region of the spectrum in 
tjorrelation between the absorption, colour and the structure 


in solution reveals 
dominion confined 
order to establish 
of the molecules, 
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Very few systematic (luatititalive iiieasurenieiits have been made in the ultra- 
violet region. It might not be out of place to mention here in passing that 
Gnsebach''^ measured the absorption coefficients in the ultra-violet region of a 
few dyestuffs in solution and tried to establish a relation between the absorption 
curves and the polarisation curves of the fluorescence emitted by them 
in solution. In view of the scanty data as well as to find out whether there 
is actually any relation between the absorption and the polarisation curves 
as reported by Grisebach, we carried out detailed quantitative measurements 
on the absorption of the dyestuffs in glycerine solution, the following gives 
graphically the results of our measurements. 

The absorption coefficients were determined by a calibrated rotating sectoy 
photometer used in conjunction with an Adam Hilger quartz spectrograph. The, 
results were, however, further verified by the measurements of absorption with 
a .sensitive Moll thermoi)ile and a galvanometer system. A parallel beam of 
light from a point source of mercury-quart/, lamp was allowed to fall on a cell 
containing dye solution through a combination of filters, which allowed a mono- 
chromatic radiation to pass. The incident and transmitted radiations were 
measured with the help of a Moll thermopile and galvanometer. The absorp- 
tion coefficients, a were calculated from the relation. 

• 

Itrammltted — Iinoid«iit 
where d is the thickness of the cell. 

The results from thermoelectric measurements and photographic method are 
given below for comparison- The agreement, as will be evident from the follow- 
ing tables, is within the experimental errors: — 


Tabi,b XXXVl 


I\vestuffs. 

Absorption co efficient for A 313 fttfi 

I'hermoelectric method. 

Photographic method 

I. FluorevSccin 


'49* 

2 Kosin 

* '657 

•65* 

3. Aesculin 

■561 


4. Rhodiilin orange 

■41 


5. Acxiflavin 

■^38 

’13 

6. Magdala red 

■57e 

■58 
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In the accompanying gr aphs are drawn the absorption coefficient curves 
as well as the polarisation curves. (Figs. 12-18.) In the case of fluorescein, we 
find that the position of the maximum negative polarisation corresponds to the 
junction of the two adsorption bands in the ultra-violet, as was observed by 
Grisebach. (See Fig. 14.) But in the case of eosin and magdala red it corres- 
ponds to the first adsorption maximum in the near ultra-violet. (See Figs. 12, 13.) 



Wave-length 

FiGURK 12 



W 


WAVE LEMGTH IN 

FlGtnUB 13 






ABSORPTfON COEFFECIENT 
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a 

o 


RKLATION BETWEEN FLUORESCENT BAND. ABSORP- 
TION BAND AND MAXIMUM NEGATIVE 
POLARISATION 

We have seen that the value of the polarisation decreases as the wave-length 
of the incident exciting radiation is decreased and then increases with the further 
decrease of the wave-length of the exciting light. This minimum value is nega- 
tive and the maximum negative value is reached for wave-lengths which are 
different for different dyestuffs as will be evident from the following table : — 


Tabm{ XXXVII 


Dyestuffs in Glycerine solu- 
tion ^ 

c— 4 X io"6 gm/c.c. 

Wave-length for the excitation 
of the fluorescence of the max. 
negative polarisation in mti 

Band maxima in 

Fluorescent. 

Absorption. 

Aesculln 

VS 

4 .S 9 


Fluorescein 

300 

51a 

sou 

Eosin 

31a 

535 

52s 

Riiodainine B 

325 

560 

535 
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The table reveds certain interesting points, namely, as the flnmescent, 

consequently the absorption band maxima shift towards the greater wave-length 
side, the wave-length for the excitation of fluorescence of the maximum negative 
polarisation also shifts towards the greater wave-length side. 


INFLUENCE OF A F L U O E E vS C E N T D Y E S T U F F M O L E C U L E 
ON THE POLARISATION OF F L U O R E S C E N C E OF 
ANOTHER DYESTUFF IN SOLUTION 

It is now a well-knowni phenomenon that the fluorescence of organic com- 
pounds in soiUtioii is quenched by the addition of foreign substances with a 
simultaneous increase in the polarisation. This quenching is generally explained 
as due to the collision of the second kind between the molecules of the excited 
dyestuff and those of the foreign substance as a result of which the excited mole- 
cules come down to the unexcited state without emitting any fluorescent radiation. 

Wc have already investigated the effect of the addition of potassium iodide to 
the fluorescence of fluorescein, eosin and others, and have observed that this fluores- 
cent intensity decreases with Ihe addition of the iodide together with the simul- 
taneous increase of the value of the polarisation. We have also observed that 
this polarisation never exceeds the maximum value po^ 

Now it might be of interest to investigate the influence of a dyestuff on the 
polarisation of the fluorescence of another dyestuff molecule in solution. For this 
investigation we have taken the following : 

1. Aesculin, and rhodamine B. 

2. Fluorescein and rhodamine B. 

These were taken in order to study the influence of aesculin and fluorescein 
on the polarisation of the fluorescence of rhodamine excited by A 5461 A. 

3. Aesculin and eosin. 

4. Fluorescein and eosin- 

These were taken in order to investigate the influence of aesculin and fluores- 
cein on the polarisation of fluorescence of eosin in solution excited by A- 5461 A. 

Lastly the influence of fluorescein on the polarisation of magdala red excited 
by A 5461 was also investigated by adding different quantities of fluorescein to the 
magdala red solution . The solvent used was, in all the cases glycerine. 

Tbe results of our measurements are given in the accompanying tables and 

graphs (Figs. 19, 20, 21 # 22). 
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Table XXXVIII 

Influence of Fluorescein on the polarisation of Hosin. c~i x lo"® gm/c.c. 


Kxcitijig. 


5461 A 


Concentration of fluorescein x 10® gm/c.c. 

0 -25 ‘5 I 2 4 I 8 12 

_ I 

! 1 I 

44 I 42 I 40 3^ 35 31 26 22 


Tabi^ic XXXIX 

Influence of Aesculin on tlie polarisation of Kosin c— '08 x 10'® gm/c.c. 

I 

I Cojicentratioii of aesculin x lo® gm/c.c. 



0 

■T 2 

■25 

•5 

I 

2 

4 

8 

12 

5461 A 

47 

46 

44 

I j 

40 

3 ^ 

32 

26 

1 cj 

14 


Table Xh 

Influence of Aesculin on the polarisation of Rhodamine B 
Concentration«»2 X io“® gm/c.c. 


Exciting in A. U. 


Concentration of Aesculin xjo® gm/c.c. 
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3B3 



Figure 20 


Table XU 

Influence of Fluorescein on the polarisation of Rhodatnine B 
Concentration = 2 x io“® gm/c.c. 


Kxriting in A. tJ. 


Concentration of fluorescein giji/c.c\ 


1 

(1 1 
1 

•2.S 

1 

•5 

1 

2 

A 

5461 

3Q 

1 


37 

36 

33 

' r 

31 j 



27 


TABI.K XUI 

Influence of Fluorescein on the polarisation of Magdala red 
Concentration = 2 X 10“^'* gui/c.c. 


ICxciting in A. U» 


Concentration of fluorescein > 

io5 gtn/c.c. 


0 

•5 


3 

4 

8 

J2 

5461 

1 

47 

43 

4^ 

39 

3S 


r 

35 


Here we also find that in all the cases the value of the P tends to decrease 
with the increase of the concentration of the foreign dyestuff. 
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ON THE QUENCHING OF PlyUOREvSCENCB OF ORGANIC 
COMPOUNDS IN SOLUTION BY FOREIGN SUBSTANCE 

It is well known that the addition of small quantities of a “loreign substance 
to a fluorescent solution causes a quenching of its fluorescent radiation with a 
simultaneous diminution of its efficiency. This phenomenon of the quenching of 
the fluorescence of the dye solution has been investigated by a number of workers 
and some of them are at present inclined to the view that the quenching effects is 
due to the deactivation of the excited molecule w'ith a molecule of the foreign 
substance through the collision of the second kind. The principal argument in 
favour of this physical interpretation of the quenching effect is the increase of 
polarisation by quenching, which was first observed by Perrin’ ® and afterwards 
by the present author®® and otliers. 
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tlieory ot collisions of tlic first Iriiid wss first postulstcd liy ^^swilow ^ ^ 
on the basis of the theory of the Brownian motion, and later on in order to explain 
the non-linear dependence of the quenching action on the concentration of the 
quencher and on the viscosity of the solvent Wawilow and I^rank modified the 
same and recently the theory was further modified by Wawilow and Sevesh- 
nik£f.®» 

In our present investigation, undertaken with a view to throw more light on 
the subject, which includes the following two points, — (a) dependence of the 
quenching on the concentration of the quencher, and (b) dependence of the 
(4ucnching on the wave-length of the exciting light, all the measurements of the 
efficiency were done with the help of a spectrophotometer in the usual way. 
"riie sources of the exciting light was a quartz mercury arc for the radiations 
2537, 3131, 3650, ^047, 4358 and 546tA. The excitation of fluorescence was 
produced by polarised monochromatic radiation, which was separated by means 
of suitable filters and observations were made at right angles to the direction 
of the incident light. 

As we have seen that when the concentration of the dyestuffs is large, 
the addition of a foreign substance causes a considerable deformation of the 
absorption band, due to formation of perhaps complex molecules," so wc 
have used in our present investigation a very dilute aqueous solution (concen- 
tration of the order of io’"*gm/c.c.). 

(a) Dependence of the quenching on the concentration of the quencher — The 
quenching of fluorescence with potassium iodide had been investigated by many 
workers. But their results show such great differences that a repetition of 
those experiments was felt desirable and hence the present measurements 
were undertaken. Our values of Iq/I (where lo and 1 are respectively the effi- 
ciencies of fluorescence*, i.e., ratios of emitted to absorbed energy, in the absence 
and the presence of the quencher) for the various concentrations of the quencher 
are given in the tables. 

(b) Dependence of quenching on the wave-length of the exciting radiation 
It was Wawilow who first investigated the influence of the exciting wave-length 
on the quenching' action and found the same independent of the exciting-light. 
This was confirmed by Sveshnikow.** Wawilow carried out his investigation 
in viscous medium, whereas the later worker Sveshnikow used a less viscous 
medium. The aforesaid worker used only two wave-lengths for the exciting 
radiation. But in the region of the higher concentrations of the quencher, 
West arid Jetty ** found a great dependence on the wave-lengths of the exciting 
radiations. In view of the great importance of the problem on the whole 
mechanism of fluorescence, we considered it prudent to investigate the point 
using a number of monochromatic radiations for the excitations of the 
fluorescence. 

11 
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The result of our measurements of lo/I are given in the aforesaid Tables 
XlvIIIt XIvIV. The quencher employed was potassium iodide. 

It might be mentioned here in passing that we can consider, in fact many 
investigators have considered, the act of quenching as something like a quantum 
mechanical resonance if we look at it in the light of collision process of the 
second kind. If now on undergoing different excitations with different wave- 
lengths, the excited molecules had different excited states and hence a different 
mean life and different probabilities of ciueuching some dependence of the 
quenching on the exilation wave-lengths should be observed. 

But experimentally we find, as revealed from the aforesaid tables, that there 
is no dependence of the quenching action on the exciting wave-lengths. This 
conclusively shows that the excited molecules have all the same energy level 
during the excited state. This conclusion is also in agreement with our former 
conclusion, namely the independence of the average life r on the exciting 
wave-lengths, which we have arrived at from our polarisation measurements. 


SUMMARY 

It is now definitely known from the investigations of Wawilow, Perrin, 
Pringsheim, Gaviola and others that the fluorescent radiations emitted by the 
dyestuffs in solution are polarised and this polarisation depends among others 
on the following facts— the viscosity and the temperature of the solution, 
the concentration of the dyestuff and the wave-length of the exciting 
radiations. For most of the measurements on the polarisation, however, 
sufficient data regarding these factors arc not available to enable us to know 
the exact conditions to which the measurements refer. Moreover the conclusions 
arrived at by the various workers from time to time, are sometimes highly 
contradictory. 

At the same time, it is generally recognised that accurate measurements 
on the polarisation are likely to throw considerable light on the nature of 
fluorescence, which would be highly welcomed in view of the unsatisfactory 
nature of the various theories that have been proposed from time to time— not 
one of them being capable of explaining even the essential facts of the phenome- 
non. It was therefore felt desirable to make a systematic measurements on the 
polarisation of some typical dyestuffs in solution. 

The present paper describes the measurements on the variation of the 
polarisation of the fluorescence of the dyestuffs with the change of the following 
factors among others ; — 

(a) the viscosity of the solution, 

(b) the temperature of the solution, 

(c) the concentration of the dyestuffs. 
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In all cases the variation is of the same type; the degree of the pol^irisatioii 
tends to vanish at low viscosities, or high temperatures or high concentrations ol 
the dyestuff.s, while at very high viscosities or low leniperalure or at very loAv con 
centrations of the dyestufls the polarisation tends to reach asymptotically a 
certain limiting value which is dependent on the following factors: — 

{a) the nature of the dyestuffs, 

(h) the wave length of the exciting radiation, 

(c) the nature of the solvent. 

These results arc discussed on the basis of the Perrin’s theory and it jib 
shown that while the variation of the polarisation \\'ith viscosity and lit 
teiniKralure arc satisfactorily explained by this theory, the theory definitely breaks 
down when applied to the variation of the degree cf polarisation with Ihd 
concentralion of the dyestuff. Indeed the predictions are just the reverse of 
what is obtained experinientally. ' 

The variation of the polarisation with the wave-lengths of the exciting 
radiations has also been investigated in details. It was found that the polarisation 
decreases with the increase of the wave-lengths of the exciting radiation and then 
increases with further decrease of the exciting wave-length. This miniinum value 
is negative and is reached at the exciting wave-lengths which are characrteristic ol 
the dyestuff molecules. It was also observed that as the band maxima of the 
fluorescent bands of the dyestuffs shift towards the longer wave-lengths, the 
position of the maximum negative value of the polarisation also shifts tow^ards 
the same direction. Tliis contradicts the observations of Wawiiow^, w ho found 
tliat the negative value (maximum value) is reached when the exciting w^ave 
length is near about 3131 A in all the cases of the dyestuffs (fluorescciu, eosin 
rhodamiuc 15 , magdala red). Further in the case of the aesculiii he did uol 
observe the negative polarisation at all. Whereas vve found that the inaxitnuni 
negative polarisation occurs when the exciting wave-length is 278 

'I'lie average life of the dyestuff molecules in the excited states has also been 
calculated with the help of the PcrriiTs expression and it has been found to be 
independent not only of the viscosity and the temperature but also of the wave- 
lengths of tlie exciting light. Tliis same conclusion lias also been arrived at from 
our measurements of the quenchiug of the fluorescent radiation by foreign 
substances of varying concentrations, which has been observed to be independent 
of the exciting w^ave-length. These conclusions show^ cpnclusively that all the 
molecules have the same energy level in the excited state* 

The absorption spectra of a large number of dyestuffs in glycerine solution 
in the ultra-violet region were also investigated in details with a view to find out 
whether there is any relation b^tw^een the absorption and negative polarisa- 
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tion- No genefal relationship was observed but in the cases of the fluorescein, 
eosin, magdala red and rhodainine B it was observed that in the reRion of the 
wave-lengths which produce the negative polarisation when excited by them 
(i.f in the region 326 mfi to 298 m/x) the absorption coefficient increases, then 
decreases and again increases as the wave-length decreases. 

The influence of one dyestuff molecule on the polarisation of the fluorescence 
of another dyestuff molecule has also been investigated in details. The 
jjolarisation instead of increasing with the amount of the foreign dyestuff 
molecules, was found to decrease. The influence of the foreign dyestuff seems to 
he the same as that observed by increasing the concentratioji of the fluoi escing 
dye.stuff molecule itself. 

The quenching of the fluorescence of the dyestuffs in solution by the 
addition of the foreign substances has also been investigated. The quenching, 
though depending on the concentration of the foreign substance, was found to be 
independent of the exciting wave-length. 

Finally the author thanks Prof. S. N. Bose and Dr. K. S. Krishnann for their 
great interest in the w^ork and in helping him in various ways during the course 
of the work. 

Physics Labohatoky, 

Dacca UniversiIY. 
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RAMAN EFFECT IN ARSENATES AND HEM OF 
DISSOCIATION OF AS-0 

By S. M. MIFRA 

(Received for puhliration, Octoherf), 79^9) 

ABSTRACT. The Raman spectra of arsenates in solution have been investigated and the 
four lines with At' equal to 349, (S27, 878 and 463 rin.“ ‘ have been assigned to the ASO4 ion. 
The binding force between As and O has been calculated and then the Jieat of dissociation has 
been determined. 


1 N T R O D TT C T 1 O N 

After the discovery of the Raman effect, several organic and inorganic 
substances have been studied with the object of interpreting the frapiency shifts 
ill the Raman spectra in terms of their grouping of atoms. 

The correlation of the frequency shifts in inorganic compounds witli the 
groupings of atoms and their characteristic oscillalioii Irequcncies was first 
l)rought about by the works of Priiigsheiin, Rosen and Carelli ^ on several 
inorganic nitrates in solution and the same results were virtually obtained by other 
investigators. As regards the investigation of salts containing ion of the type 
X()^, it was carried out successfully by Krislinamurti, ^ Nishi and others. 
But a few gaps, however, remain to be filled up, /.c., AsO^" ions do not appear 
to have been investigated in a rigid way. (ihose and Kar ^ attempted to study 
a few arsenates in solution without much success. 

Ill the present investigation the author attemplb to study the Raman effect 
of a few arsenates in solution and from the Raman shifts the heat of dissociation 
of the bond As-() is calculated. 

K X P K R I M E N T A L A R R A N G 1 ^ M E N T vS 

The substances were studied in aqueous solution and they were all of Merck s 
pieparation further purified by recrystallisation. Solution was made with redis- 
tilled w’ater and was rendered free from the sUvSpciided matter by tepeated filtration, 
file method of illumination was virtually the same as that of Wood. The solution 
'Vas put in an inner tube placed inside a vertical outer jacket. I he whole arrange- 
nient was clamped upright and a vertical quartz-inercuiy lamp was placed along- 
side, so thert the light scattered at right angles, emerged along the axis of the 
vertical inner tube. The scattered beam was totally reflected t)y a rectangular 



too 


S. M, MUra 


Fluorescein 



Wave-length in A.U. 

Concentration ot fluorescein = i x jo'3 gm./c.i 
I. Concentration of K1 — o 

,r >> M =010 gin. /c c, 

3* >» i» tt it 

4 " . tt It ff ,i 

Figukb: 3 

Fluorescein 



3. .. ,, ,, cao^IOgm./C.C. : 

.. o ==065 

Fjgurh 4 



40 h 


Influence of Foreign Substances etc. 


. Rho'dantiiiie H 



I Wave-length in A.U. 

Conceiitration erf rhodamine H — gm . /c.c . 

, I . Qoheentratiou of K I — o 

=o c2 gm./c.c. 

3 - ». = 0 - 0,5 

4. ^n io 

Figure 5 

Rhodamine h 


10000 



Wave-leng thin A.U. 

Concentration rho4ami»e B=i » lo-* gm./c.c. 

' Xi Coheefitration of KI ** o 
ft. „ „ .. =o-oa gm./c.c. 

» »« »» ' »• 

FlOOIlB 6 


S. M. Mitra 


m 


Rhodamine B 



Wave-length in A U. 

Coneentration of rhodamine B=»i x gtu./c.c. 
Coucciitration of Kr = o 3 . Coneentration of KT — o'Oa gm./c e 

3 . Concentration of K1 »=o’Jo gm./c.c. 

Figure 7 

Rhodamine li 


14000 



Wave-length in A.U. " ' 

Concentration of rhodamine B=*:i x io^b gm,/c.c. 
I. Measurement made just after the addition 
3. M ihonr 

3- .. 3 hours 

‘FioukK 8 


Influence oj Foreign Substances etc. 


48000 L. 


Kosiu 


38000 . 


i 




2«000 « 


I I \| 

k70C ^OOO 6300 5600 

Wavc-lehgth in A.U. 
Cenccntration of eosin — i x gm./r.c, 

1. Concentration of K.l = o 

2. „ „ =0-35 gni./c.c. 

3- >* *=0'7o p9 

Figure 9 

Kosiii 



Wave-length in m/A 

Copcentration of eosin = i x gm./c.c. 

1, Concentration of KI==o 
a. „ M =»o-3ogin./c.c. 

3, i» M « 

Figure 10 



4§4 ' ' ' ^^/N. Miira 





CpuccptratiQ^ of eosiii=i x lo"'’* giii./c»c. 

A. Conccufration of IvJ-o 

B. A' -- .f =*o’i5 guj./i:.c. 


»» II If II 

Figure h 


(b) The maximum value of the extinction coefficient decreases. 

((') Nature of the curve changes; with the increase in. the concentration of 
potassium iodide the fundamental maximum of the absorption band becomes 
flat concurrently with the growth of another tnaximuin on the short wave-length 
side. 

In the case of rhodamine B, the nature of the absorption band changes a 
little on the addition of even traces of potassium iodide- even when the 
concentration of the dyestuff is very small (of the order of io‘* gm./c.c.) 
(see fig- 5) ■ This change consists in the displacement ^ the whole spectrum 
towards the longer wave-length side and in an appreciable change in the 
value of the maximum ext^hiction co-efficient. But when the concentration 
of the dyestuff is higher than this (t.e., of the order of io“® gm./c.c.) addition of 
potassium iodide brings about a/ 'jj/rotoimd in t^ absorption spectrum 

(see figs- 6, 7) similar to that jjOl^seEyed : in) case-j of j. fluorescein- Moreover the 
extinction coefficients -491 itliis-^,<3ase..,w,fie foijnd to ywy with time, when the 
concentration of the dyastuffi-is of the order of gm./c.c. or more. (See 
fig, 8.) 
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In the case of eosin at concentration to”® gm./c.c. and lo"* grii./c.c. (see 
ligs. 9, lo) the absorption curve was observed to shift a little towards the red on 
lidding potassium iodide, the nature of the curve remaining the same. This shift 
was greater in the case of eosin than in that of fluorescein. But when the concen* 
tration of the dyestuff was of the order of io“* gm./c.c., there was also a 
profound change in the nature of the absorption curve on the addition of 
potassium iodide (see fig. it) showing the formation of " complex molecules.” 

In conclusion the author thanks Prof. S. N. Bose for his kind interest in the 

work. 

Phvsics I^aboratokv, 

Dacca Univjrsiiv. 
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A WEAK RADIO-ACTIVE SUBSTANCE 

{A preliminary note) 

By RAJENDRALAL DE 


[Rrccivfd /or l>iiblicatiou, OcMh; o, 
riate XVIII 

ilBSTRACT. The ra<1io-a(-tive property of oiu- of the .•oiistitnents .le,s. nl.e,l in tlie ,,ullio, s 
liiimplilet, “Twin I51eiueiita in Travam-ore Mr,nu/,ile,’’ has hecn tletecteif . Tlu loslilmiil 
:i[.ln ars tn finit a-rays. A rouj^h estimate of its average life lias been given 

The mineral moiiazite c(»iitaiiis two inleresling coiislitneiits possessing siniiiai 
ehemical propevfies. Their similarity, being also manifested in the formation 
of gaseous and volatile derivatives, facilitates their separation from the remaining 
ronstitneiits of the mineral. One of the two constituents is weakly radii) aet,ve, 
l)ut its radio-activity is masked when it remains mixed with the other eonslitiu nt , 
Its radio-activity has been detected with the a-electrosrope and witli the liOp of 
ihe photograjiliic plates as well 

An electro-chemical deposit of tlie siilislancc on aluminium was cmplo\x*d for 
(lelecting IIS radio-activity. In connection rvith the electroscoiie employed for 
the piii]j()se of detection the stage in the ionization chamber, used for placing a 
radio-active souice had to be fixed within a few millinielres from the n]/per 
disc canyiiig the leaf of the elect loscope. The radio-activity found with siicli an 
arrangement and using a source, 8 ciiis. in diameter, was about 2 units ^arliitary 
s('ale) while the natural leak of the instriiiiieiil was about 5 units (of llie same 
scale). For the purpose of pliotographic detection a source of llie above kind and 
also a solution of a gaseous electrolytic product obtained from tlic same radio-active 
substance, put directly in contact with a photographic plate and thus infected, 
were employed. In the former case the photographic plate was placed at alioni 
^ niiij. above the source, and vt^as exposed to its radiation with or without an 
inleivening screen for a period (in most cases) of 60 days. Kiguic r, plate X\ 1 II 
uders to a case of an intervening screen, made with two strips of almiiininm 
foil of jo/Ji in thickness and placed in the form of a cross, almost touching the 
photographic plate. The shadow cast by the strips aj)pea]S in the i>late. 
Figure refers to a case without any intervening screen. The plate appears 
apparently blank, but under a microscope it shows a number of dots as shown 
hy figure 3, a niicro-photograph of these dots. The micro-photograpl] sliows 
ho^vever two kinds of dots, large and small, ihe large dots can be conveniently 
■^een even with a mag'nitication of 5^’ times. A count of these large dots lias l)een 
niade. 


3 
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In a particular plate the dots were distributed in the following mauiier 
count Ijeijig made at different distances from a i)oint corresponding to the centre A 
of the source ; 

at 2 cnis, an average of o‘8i per sq. miii. 

M o'7i „ ,, ,, 

O >> >1 .J • 

vSiinilar count in two difl’erent plates, exjmsed to tlie same source for the same pe- 
riod of (m) days but one pericul foilowing the other, has given the following values 
One exposed firnii the itli April U) 3id June gave an average of i' 6 z dots 
per S(j. mm. wliile the other (?x]josed from tlie i^tli August to tlie i2th Ocloixi 
gave an average of o'Si dots [)ei sq. nun. The mean interval of time between \\h 
two exposures is 123 da> s, /.< 13 days less than the lialf-value i)eriod of polonihui 

viz , J3fMlays. Presimnng eadi dot represent an inipael with one "-particle, 
the large dots may n isonably be aseiibed to poluniiun, sinee they seem in 
diminish liy onolralf dnrijig about tlie interval ol the lialf-value period (W 
polonium. 

'I'he small dots ha\e been ascriliod to a difierent vaiiety of tlie "-rays. Hy 
infecting a jdiotograi)liie plate w ilh a solution ol the same radio-active material 
after it was allowed to stand for a few numths before it was so used, tw'o kind;' 
of u-i ay tracks, long and short, have been found. iMgure -i referis to a plate 
infected witli a gaseous pioduct of electrolysis, obtained from the said radio aclivi 
material, and kept (aflei being infected; in the dark for a period of three months. 
Vox the observation of the tracks a magnification of seven to eighteen liundred 
times has been employed. It apjiears that the length of tlie short track is almosi 
lialf tlie length of the long one. Ascribing the long tracks to polonium, the 
average life of its associate giving short tracks comes out to be very much loiigei 
than 10^^ years. 

It may be remarked that the photographic plate relating to figure 2, exposed 
without an intervening screen, is clear and practically fice from fog. The abseiK'e 
of fog indicates the absence of the /^-radiation . There exists, however, a dark 
background in the photograph relating to figure t, exposed w ith an intervening 
screen. The darkening effect is c\ idcntly due to the S ray-« emerging from the 
aluminium foil and arising from its impact wdth the a-rays from the source. 

We may mention that the radio-active material is responsive to some of the 
chemical tests of polonium, visible to the naked eye, and has a reference to the 
substance described in atithor's pamphlet, ** Twin elements in Travancoie 
Monazile " where its radio-activity has been aiiticipated. 

In conclusion T beg to thank Mr. C. R, Bose for helping me by counting 
the dots relating to figure 2 and also Mr. B. C. Shome and Dr. S. Hedayetullah 
of the Manipur AgricultuiaJ Farm, Dacca, for the micro-phutographs. 

Unjvkusitv of Dacca, 

Ramna. 
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NOTE ON MAINTENANCE OF ELECTRON EMISSION IN 
COSSOR VALVES AFTER THE LOW TENSION SUPPLY’ 

IS DISCONNECTED 


By N. S. PANDYA 

AND 

P. D. PATHAK 

{Urrcii'i'd lot litiblidiiiou, Scldefiihit jj , 

ABSTRACT. I'he pcrsiskupc of the anode nirrcjii, i vcii aftcj Hie 1»)^\ -leiisiiMi supply is 
(liH'dinieeted as observed previously by Narsiiiiluiiya with some Cossov valvi's, has been studied 
iH iletail with a fe\\' Cossor '-T\olt baltei \ valves. 


Ill !i l)a[X‘i l»y Narsiiiiluiiya ^ it is staleil tlial in soiiu.- Cossor valves anode 
' HI rent i»ersiste<l even after diseoniieeling llie low-tension supply when it readied 
;i eertain iiiiniuiuni value, vi:., 15% of tlic noriiml iilaineiit-enrreiit. 

We studied this plienonienon with several Cossor e-volt halU'iv \'alves 
under static conditions. The grid was given a iioleiilial of 2 volts and I he anode 
pi'leiitial was gradually increased up to -pio volts hut no iiersisteiii e ol anode 
Mirrent was observed when the filament cnneiit was switched oil. llie 
ina.sinnnii anode current was So inilliamiieres. Igitei the grid was given an 
nii’ieasing positive voltage fioiii o to 50 volts and the anode voltage was ke]>l 
.ii M, ,|o, 60, and 80 volts re.spectively. Ivveii heie no persistence was observed 
' xcept in the case of 2ro H. F. (when the grid was at + 50 volts) probably due to 
die breaking of the inductive circuit. The anode current in tliis ea.se was 88 
ir A. and persisted at 63 m. A. for about a iiiiimle under one set of eoiuhlions. 
Tile highe.st anode current in the other valves was log in. A. and the gtid 


irrent 83 in.A. 

Three different potentials, viz., 20, 30 and 40 volts were also aiijdied to the 
1 id and plate shorted. Out of the two sources of potential used, vL., D. C. 
laiiis and a high-vacuum rectifier giving smoothed 400 D.C. voltage with a 
-tentiometer arrangement, the former failed to exil.it the phenomenon uhile 

latter curiously did in the case of almost the Cossoi valves, vL., --0I 

210H.T., 210 R.C., 215S.G., 215 P- aud 220 S.V.G. When the 
Ti'ient current is switched off the anode curient tries to fall, thus 
' tcly increasing the potential difference between the plate and the 
'^ibably this risiug voltage checks the falling cuiieiit .nid r balance 
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tlie Ivvn IS obtained. The persistence was noted for over 15 minutes in all tlic 
c ases (after 15 minutes the H.T. supply was removed fearing the valves mig]]i 
damaged). The anode current varied between 74 to 100 111. A. for dilTerejii 
\'alves and the value of tlie i)crsistence current was about 70 to 80% of thc-v 
values. 

'I'he above-named valves include even those that were discarded l,v 
Narsimhaiya. Narsinihaiya explained this persistence by aSvSuming that tlu 
filament remained hot by the passage of the anode current through it. ^I'lk 
filament coating is the same in ail the Cossor valves tried, as reported to us 1 )\ 
the manufacturers, and hence theie is no reason why some of them sh(|>ulu 
l)ehave differently. \ 

Further work is being carried on to investigate this in detail and als<\ to 
study the same under dynamic conditions. An attempt is also being madc'io 
correlate this liebavionr with circuit arrangement and the temjieratme of ihr 
lilament. 

We thank Dr. C. C. Shah for sympathetic guidance and I’rof. N. K. Apic 
f(.)r suggestions and facilities in this work. 

Ph YS i cs Lai u > k a'i'c > k \' , 

Haro DA Coruv(ai, 

Bakoua. 0 


R iv p‘ p: r p: n c h 
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ON THE LONDON-VAN DER WAALS FORCES BETWEEN 
TWO DISC-LIKE PARTICLES* 

By G. P. DUBE 
(Baiwant Rajput College, Agra) 

AND 

H. K. DASGUPTA 

(Institut des IVlt5caniques, Paris) 

[RetcVi’cd for piihlhnlioti, Noirvibci ujv/) 

ABSTRACT. I he dtT jiiil.s tiitenirtion energy iiMs li(‘rn (Mlenlatt'd 

two di.se-like particle.s ( )iily two t ti.'-c-.s are dealt witli ; i) when llie Iwo disi s are in llie .same 
plane, (ii) when their pl.ane;. are parallel to eaeli fither Iml perpeiulienlar hi the line of lentres, 
Tn the fir.st e.ahe the interaction energy for .small inlei])article di.stanee.s varies inveisely as y 
power of the shortest di.slaiiee between the edges o1 tlie discs and in the .second case it 
vanes inversely ns the quadratic power of the distance between their centres. The.se rcsnll.'. 
may be u.sed in explaining the arrangement of particles in thixotropic pastes 

Many of the cliaracle-i'islic pliysie'al jn-opciTies of the colloitkil sohilioiis me 
undoubtedly explained by the tiatufc of the iiiteraction force.s acting ltd u ecu the 
paiticle,s of the sol. or gel. In general there will be coiili ilmtions to the inlciac- 
tion energy from foiees of three lyjtes (i) from the electrical foiccs arising due t<j 
the electrical double layer of the particles, (ii) from atti active forces acting bet- 
ween two molecules, (iii) due to hydration and elcctro.striclivc cflects. Nothing 
practically is known about the hydration clTects and moreover it will only Ite 
important at high concentrations. We. therefore, entirely neglect it. I he contri- 
bution due to the electrical double layer has already been iiivestigateil in detail l)y 
one' of us (G. P. Dube) by using the approximate Debye-Hiickel equation in the 
theory of strong electrolytes and the readers are retiucsted to refer to the original 
papers. Besides these we should also consider the attracting forces which play 
an important r61e in e.stablishing the properties of a colloidal system. Kallmann 
and Miss Willstatter® have definitely shown that the attraction cannot be caused 
hy van der Waals’ forces {e.g., Keesom orientation effects ; Debye induction 
effects) which decrease so strongly v\ ith increasing distance that they piacticallj 
vanish for interparticle distances of the order of molecular dimensions. How- 


* Coniniunicated by the Indian Physical Socict) . 
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ever, London,® using wavcmeclianical concepts, lias conclusively shown that the 
short-lived electronic displacements caused when two molecules approach each 
other lead to the development of attractive forces which have an additive character, 
act over much more than molecular dimensions, are independent of the position 
of the molecules and the temperature. Their additive character makes them 
valuable in the discussion of the colloidal phenomena. The interaction between 
two particles is, therefoie, the sum of the interactions of ail the molecules or 
ions involved. For small interparticle distances it will depend on the actual 
shape and surface structure of the particles. 

The interaction energy between two particles containing q atoms iier c.c. is 
given by. 


b;== - 


If 




dv \ dv^q'^X 


(i) 


where i is the distance belwceii tlie volume elements d 7 >j, dv2 of tlie tw(^ particles 
and A is tlie van der Waals constant. For the case of spherical particles this 
integral has been calculated approximately by Bradley'^ and accurately 1 )y 
Hamaker/'* ^ 

It is well known that colloidal systems, exhibiting thixotropic phenomena, 
generally consist of non-sj)hericaF’ particles. They arc rod-shaped in tlie thixo- 
tropic sols, of venadiiiin peiitoxide (ViiOrJ, disc-like in the sols, of iron-oxide and 
paste of ciay. It may be of interest, therefore, to derive tlie expresision for the 
van der Waals inleraclion energy between two iioii-sphcrical jiarticles There are 
many difficulties of mathematical nature involved in the evaluation of the 
integral. ' However, we have been able to find a convenient expression for the 
case of two disc-like particles. 

lyCt us consider the case of two circular discs of radii a and b, with their 
centres at a distance c apart. There are two interesting cases : (a) the discs are in 
the same plane, {fi) the planes of the discs are parallel to each other, but perpendi- 
cular to the line of centres. If 8 /] , H2 be the thicknesses of the-two discs ; dSi, 
dS’Z be the surface elements, the van der Waals interaction energy becomes 

8/t 8/a 

S,vS2 

To evaluate the integral, we proceed by an indirect method. We fiist determine 
the potential energy due to the finst disc of radius a, at a point P whose co- 
ordinates are (x, 0, 2) referred to the centre of the disc as origin. (See fig. i). 
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Tills potential energy is j^iveii hy 


where 



— 'iH- “ r H .v“ — 2 .\ f cos 0 -t 
r- ( .j_ ^ 1 ’ -f j \ / (i — cos 
=^(v +'i)" 1 z^ — 2 L\r (i+cos 0). 


*ro evaluale the iiile^^’ra], Iransfonii the variaVile such that 


= cot 




where 

It is easy to verify that 


ix-rY I c" (*) ’ 


K*=P]. 


1+PT 


d0= 


2pd$ 

t + ^T 


where the limits of ^ are from infinity to zero. Hence the iiile[^ra] ( 3 ) becomes 

u= — 4qA^/ji 


'fi 


r drpd^ix 

^\*YU+er 


The intey^ratiou with respect to £ can be carried out by the method of lesidiies 
and then we get 


^ r r dr,p(3p^ + 2^"^ 3 ) 

j-.jr 

The integration over r is elementary but rather tedious. We shall not go into 
details here. It is easy to verify that the integrand can be written in the form 
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} 


+ I I .^ + r 

(ir| |»j3 (»)i [*ji (•ji' J dr) '“•’J 


[«]i (»)i [#]^ 


Hence, 

u- ^ \ 

-1 I 


— — qXUi 
A 


z'^'dr [«]i (H.)i 


+ / .. + 'Tl 

(*)y (*j'4 [«ji (*)5 ; 


[*]i (.jjj [*]| ■ 


^ 2 _ ^2 _ 

■ X ' T if 


j I _ 1 _ t 4. I _ 

) ( J V [ I V ) %/”' I ] V / 


.v^ — — 2“ 


;: V 


i. \ 


(4) 


where ( )-- ( v ; 


| = (a‘4-uJ‘ + ^'‘ ; V 


Case (‘0 7'7i'n J/.s(\v in thr same l>lanc 

If we piU .:■“() in the above expression, vve can find out llie potential energy 
at any i)oint lying in the t)lane of tlie disc and at a distance a fr< in the centre 
and it is given by 


Ua- ^cjXdj.a. 


... (5) 


To obtain the interaction energy between the two discs, wc multiply the above 
expression by q dSy and integrate over tlie surface of the second disc of 
radius h. 


Ka — 


J U "t” 2Ar 

/ J 2' 

s, 


Introducing polar co-ordinates (t, 0 ) with respect to the centre of the second 
disc, we have, x^^c^ + r^- 3cr cos ^ and so. 

c-n 

V', T n, =1 \ rdrd0{a^ + 2x'-‘) 

Ita = -<2“'^W,^/2.Ia= -‘J I I 


Integration over 0 can be carried out by using the same trick as before. Putting 


fi^=cot -- 
2 


where 
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the integral can be written as 


I„ =2'a’ 


30*0+^’ 


!(I / 


/i(c + r)^-an“ Jo r-{(c + r)*-a»}(i + f*)* (i+'H 


We can now proceed by the method of residues and thus obtain 


I.- " r 

i6 {(c + r) -a > 4 J„ 


Pii3 + Sp,^ + ipi*) , 

'{(c + r)='-aM" 


The integral Ii has already been evaluated, the only difference being in the 
definition of the brackets [ ] and ( ), which now become (c+hl’-a®, (c -b)'^-a‘ 
respectively and are denoted by [ ]i, { )». Similarly we can evaluate Ij. The 
results obtained are : — 


. T I r \ c — b c+b \ b’-tt* — ( 

_i _ i + c + ^ -- 

““ ( )i v'x []l V. “ '( )x v/l []i 


_ ^ _ I _ 3«: 


J 


4 \[U\\ ( ),V.7 4V()xV> [].v. 


c — b ^ CJ+* b 


c + b / 


[]i()iV'i ^ IMiV'i [JiVi) J 

Adding the two and making necessary simplifications this gives 

- j |^^^^b_c + b\ 2jb I 

_ ,rVb* (g) 

2 {(c + bf-a^}^{(c~by-a^}^ 

The expression is symmetrical between a and b, as it ought to be. In the 
particular case of equal radii, a- b, the iuteraction energy becomes 


E«= -q’Afi/i.S/i.jrV 




‘ Putting cla=s, where s = 2 denotes contact, the above expression becomes 




= -B. 


i*{s’-4)^ 


... ( 8 ) 


Hence E. varies as i/8^ for small 8, where 8 is the shortest distance between 
the edges of the two particles, i.e,, 
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Case {(i) 


'I'he discs have their planes parallel and these are also perpendicular to th( 
line of centres. The potential energy at any point {r, 6 ) of the second disc diu 
to the first IS obtained by putting /.=f and .r = r in (4). Integration ovei 
the angle 0 then sinii)ly gives a factor 2- and the interaction energy is 
given by 



r' V 


The brackets [ J, ( ) now denote [i — aY He*, (r+fi)’ + c’ 


( )n integrating, we obtain, 




= - g"A 

AC 


^ j 

2C^ V '^ 0 ^ V 


«")- 


( 6 * + c^(a^ + 6 ") 

{(6 + a)^ + {(b — a)“ r" } 


(g,i 


In the particular case of equal radii rt = b, usiiiR c/a — s thi»s becomes 




/ 




B 1 
2 Is* 


f^or very small distances between the two discs, 


(lo) 


H/9 varies as -r-. 

The results obtained in these cases differ from that obtained in the case of 
two spheres, where K varies inversely as the first power of the distance. It is to 
be observed that the range of the London-van der Waals forces in case (a) is 
greater than that in the case (^). It may therefore be probable that the particles 
in a thixotropic paste aiyange themselves according to the case (a), f.c.. in the 
form of chains or some honey-comb structures. Such structures have been 
observed in some cases. For details on the experimental data the readers arc 
requested to refer to Buzagh's Colloid Systems Sec. 25 (b) p. 150, (1937), the 
Technical Press Ltd., London. 

This work was completed during my (G. P- Dube) stay at the Institut Henri 
Poincar^, Paris and a note to this effect has already been published in Comptes 
Rendus de I'Acad^nne dcs vSeiences, Paris, p. 340, tome 209 (1939). 
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My thanks are due to Pro£. Louis de Broglie and Prof. Francis Perrin for the 
hospitality enjoyed by me during my stay there. 

N./i.“-Por the definition of the nwgc of van der Waals forces in colloidal systems consult 
[laniaker, Recueil de.-: Travaux Chiniiques des Pays-Bas 1 . 5,7, p. 70 According to the 

first definition range is the distance at which energy equals kT and according to the second, 
range is the distance at which the force equals Ihe weight of Iht* particles 01 to u certain 
multiple of the weight. 
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PRESSURE WAVES AND BOUNDARY SURFACES IN THE 

FREE ATMOSPHERE * 

By D. S. SUBRAHMANYAM. M.A., 

A. C, College, Guntur 

(Received for puhlicatiotj, November 2S, i9S9) 

ABSTRACT. Assuming that an element of air krrps ils volume constant in small dis- 
placements and that the atmosphere^ is characteTised hy houndary surfaces each of vvhieli divides 
the atmosphere into two regions the upper and the between wliieh then' is lU) mixing 

of air, a simple theory of eanal waves ot air is dcvi loped on the basis that the n ave form is 
similar to the equilibrium form. A result is obtained eonnediiig the height of ‘ the ground 
layer’ with the velocity of the \^ave, which is similar to that for a caiial (^f water Several 
interesting results follow : 

(1) The boundary surface corresponding to the semi-diurnal viliratimi rescnihles the 
Tropopause of the atmtisphere. 

(2) There is possibility for mixing of nit between the grouml and this boundary surface 
so that convection can take place up to it and iiol beyond t'onvee tiv- r.|ni1il.i iinn can lliercfnre 
prevail in the grouiul layer which tlicrcffiic rcscinhli .s the 'iVoposplicrc 

(3) The possibility for a miinhcr of hoiiiiclarv surfaces brb'ccn (hat ciiricspondinn to n 
equal to 2 and 11 equal to iurmity of the polar cotnponent explains the iiossiliilitv of tins regioii 

of the atmosphere to he divided int.) strata l.elv.en uhicli there can he no motion <.( atr, ».f.. 

the possibility of a ‘Stratospheie.’ , • , 

(4I The boundary surface corresponding h. (he travel of a uave alonn a Rreat ctrcle w.il 

be at a height of 21 85 kui- «' 

compares well with the observed fact that at nhotd 20 Inn. Height the pressure at all points on 
the globe and at all times of the year is the same. 

(S) Possibility has ahso been shown for other higher houndary suriaces ec.rresp.,n.hng to 
higher possible modes of oscillation. The heights deduced fm three of them .87-4 km. ige-ykm 
and 49-2 km. respectively! are rather clo.se to the heights of the K, h'. and D tomsed layers of 

the atmosphere. 

introduction 

Invwtigations of the upper atiiio.«iiliea. hy ineaiis of sou.idiiiR helloon* and 

radio waves have revealed Ihe fad that the free atn,osphere is divided into a 
iiuniber of layers of a permaueul nature, the houndary hdweeu two consecutive 
layers being in many cases sharp. There is Srst the meteorolosical tanndary 
surface, the Tropopause, disr-overed by Teisserenc do Bort,' which divides the 
atmosphere into iwo theriiially distinct regions-" the lower, known as the 
Troposphere, in which the temperature decreases steadily with heiRlil and an 
upper region, the Stratosphere, in which the temperature remams constant or 

inLses slightly with height." The Tropopause " is at a height which vanes 

• Communicated by the Indian Physical Society. 
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from about tS km. at the equator to about ii km. over Southern Europe and to 
6 km. at the po]e.s. The height at the poles cannot be specified with accuracy, 
mainly on account of paucity of observations, in the polar regions. The rate of 
diminution of temperature with height known as the lapse rate does not diminish 
steadily to zero at the 'I'ropopanse but retains approximately its normal value 
right up to tlie limit of the Tropopause and then suddenly changes to zero or 
even changes sign.” ‘ Further, Shaw ” has shown that at 9 km. above the surface, 
the wind blows horizontally, that no mass of air passes from the Tropo.sphere 
to the Stratosphere and coiKsequeutly no mixing of air in the two regions takes 
place.” ■’ Another meteorological boundary may also be said to exist at a height 
of about 20 km. where it is found that the prc.s.sure is the same at all points 
on the globe and at all times of the year, besides these meteorological divisions^ 
there are the ionised layers of t lie atmosphere ; the E layer at a height of 
about 90 km., the F layer at a height of about 200 km., and the D layer at a 
height of about 55 km. 'I'he lower boundaries of these layers are also con.sidered 
to be sharp.' Tims divisiou into layers marked by sharp lioundaries seems to 
be a very important cliaractcristic of the atmosphere. 

There is so far no theory which explains any of these sharji divisions in 

the atmosphere in a sati.sfactory manner, not to speak of a eomprehen.sive theory 
which takes into- account all or many of them. Theories of the ionised layers 
explain the Ionisation from tlic conditions of air obtaining there, but *not their 
sharp lower boniidaries. liven tJioiigh atteni] its have lieen made to explain the 
transition at the Tropopause, the theories oflered do not account for the sudden- 
ness of the change. The theories jud forward by Humphreys' and (lold“ that 
the Stratosphere is in radiative equilihrium aie not entirely satisfactoiy even m 
regard to the explanation that they give for the isothermal eoiiditinn of the 

Stratosphere.'' ... ,, 

The piesent paper attempts to connect these discontinuities in the 

atmosphere with the pressure oscillations that are taking place 111 it. Analysis 
of pressure observations made at different places on the globe has shown that 
there are several of these pressure oscillations and that the semi-diurnal oscillation 
is the most predominant of them. This oscillation, according to Schmidt", takes 


place in two ways ; . , , . , 1 

" (a) Firstly a vibration parallel to the circle of latitude which resolves 

itself into two complete waves travelling east to west. The amplitude of this 

vibration is greatest over tty; equator and decreases towards each pole where it 

becomes zero.” ” This vibration is called by Simpson “ ' the equatorial vibration. 

" {h) And secondly a vibration between the equator and the poles along the 
circles of longitude. This vibration is caused by a stationary wave so that the 
pressure increases and decreases at the same absolute time at all places on the 
polar sides of latitude 35“ 16' N. and S.. and changes at the same time but 
in opposite direction between these latitudes and the equator. The amplitude 
of the pressure changes is greatest at the neighbourhood of the poles where it is 
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much larger than the amplitude produced there by the equatorial vibration, so 
that it becomes there the predominant cause of pressure changes.’' 'Phis is called 
^ the polar vibration ’ by Simi^son " Combining the two inodes of oscillation, 
Simpson finds that the semi-diurnal pressure oscillation can !>e represented by 
/>2 = oq 37 siu^f(sin 2/ -i- 754°) +oi.^7(cos'^^ - '.jisiii 105") 

where B denotes the co-lMtitnde, I the local time in cle.erecs, </> the longitude and 
the unit is i nini. of mercury. 

Besides this 12-hourly oscillation, there is also an imjiortanl H-hoiirly 
oscillation as pointed out by Whipple ami Chapman/^ and a O-hour component 
as mentioned by the latter. While the pressure oscillations, the periods of which 
arc related to the solar day of 2/^ hours, aie so prominent, the hmai tides are 
found to be irregular ami practically insensible. 

The theoretical study of the oscillations of the atmosT)here has been made 
by Iyaplacc,'“ Kelvin, INIarguIes,*^ Laiiib,^ Chapman,"' Taylor, IVkeris^^ and 
others. These investigators considered the oscillations of 1 he atmosphere as a 
whole, treating the aii as a eompre.ssible medium. Tlie cliief subject for examina- 
tion by^the later workers has been whethei the atinospherc possesses a free period 
of 12 hours so that the 12-hour solar component could be niagnihed by resonance; 
but it cannot I^e said that this has been established yet. Pekeris in liis paper tries 
to resolve the dilficullies met vvilh earlier,"* by show'ing that it is possible for the 
atmosphere to have two modes of oscillation, (Uic of period toJ hours and the 
other of period 72 hours. However he finds it necessary to adjust ^ the lop ' of 
the atmosphere by giving it a fall of tem]>erature a))ove the 60 km, level, which 
does not seem to be supported by observation. ( )ii the oilier hand, Appleton*® 
finds from the study of the diurnal and seasonal changes in the niaximuin 
ionisation density in the upper atiiiosi>here, that the temperature at great heights 
(200 km. to 400 km.) should be surprisingly high that the absolute temperature 
at a level of 300 km. must be at least 1200-A on a summer day." The subject 
of atmospheric oscillations may therefore be considered to be still oi>en for study. 
Recent investigations of ionospheric ifiienoniciia l)y Raiizi,'^^ Colwell^'* and Hajpai 
and Pant show that there aie correlations between those phenomena and the 
atmospheric pressure at the gronud. 'I'hc influences whicli make the solar 
component predominant must therefore be considered to have been not yet 
understood. However, taking the princi[)al features of the oscillations as they 
are, it would be interesting to examine v\hether the subject can be tieated in a 
difiereiit way and whether such a treatment would yield any interesting results. 
The present paper *is an attemi)t made in this direction. Ihe principal 
assumptions made in the development of the theory are a.s follows : 

(a) An element of air tends to keep its volume constant in the movements 

of the atmosphere when the displacemeiils of the element are not great. Such 
an assumption made in a recent paper by the author-Mias led to a satisfactory 
explanation of th^ constant lapse rate in the free atmosphere and it is but logical 
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that the hypotliesis should be tested by applying it to other movements in the 
free atinospliere also. 

(b) Another dei>arture from the other theories of atmospheric oscillations 
is the hypothesis that the atmosphere is characterised by layers between which 
there is no mixing of air. Mention has already been made of the Troposphere 
and the Stratosx)herc‘ which are separated by the Tropopansc and the ionised 
layers with their sharp lower boundaries. This hypothesis would therefore take 
into account, and bring into the coinpassof theory, these several boundary surfaces 
in the atmosphere which are apparently disconnected. 

i 

'CAN.Alv WAVKS OF AIR’ 


A simple type of oscillations which lend themselves to easy analysis i 
considered; If we imagine, say, a vertical section of the fluid surrounding the' 
eaith along the equator and a tide-generating body to lie in that plane, the 
horizontal tidal force (per unit mass) on particles of the fluid in the same vertical 
line may be considered to be independent of the height of the fluid when it is 
not great. In the equilibrium theory it is assumed that this tide-generating force 
is balanced by the horizontal gradient of pressure so that this gradient which is 


equal to 


I dp 

l> ' d X 


ix denoting tlic horizontal 


ilire.'lion in this 


section, p the 

m 


density and p the pressure at a point) should also be independent of height 
whatever be the nature of the Quid, whether it compressible or incompres- 
sible, uniform or varying in density. Suppose now that the ti le-gcnerating 
force ceases to act. The fluid would start to move due to the gradient 
of pressure which is iudeijendeiit of height The horizontal acceleration of all 
the particles in the same vertical would Ihn-efore bLM)f the same value. If we 
want the wave generated by the dynamical motiou Jiow to be similar to the 
equilibrium form in its subsequeul motion also, the same condition should be 
satisfied throughout the motion ; for if the tidal foice be re-introduced at any 
future instant, the same condition of equality should obtain between the tida- 
force and the horizontal gradient of pressure for equilibrium to prevail. In the 
theory developed here, the simple case of a wave that is similar’*^to the equilibrium 
tide in form is considered so that the assumption is made throughout that 


is the same for all particles that lie on a vertical line. 

p O X • 

To begin with, the propagation of a disturbance in one direction along the 
horizontal is considered there being no motion in a perpendicular direction. 
This i^ in a line with Schmidt’s analysis of the equatorial vibration along the 
parallels of latitude and the polar vibration along the meridians, when each is 
taken to be independent of the other. The theory so developed may be said to 
be that of ‘ canal waves of air/ 
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Imagine the atmosphere between- two dose parallel vertical walls of iwlinitc 
height, separated by a distance h. This shall be hereafter called a canal of air, 
Let the axis of a be . horizontal and parallel lo the length of the canal, that of y 
vertical and upwards, and let the motion take place in these two directioiivS a , v. 
Let P be a point in the canal (figure i) and APB a veitical section passing through 
P at right angles to the length of the canal. Now, in accordance with what has 
been stated above, it shall be assumed that for all points in this section 


A 


-- 


1 

6 n ' 

' 

B 


0 X ^ 


FIOURf 1 


has the same value, provided the height of P above tlie ground OBX is 

P ^ 

not great. Applying the equation of horizontal motion at P, we have for w, the 
velocity of air particles along the x-axis, 


"Wl dx ~p ’ 


In tlie case of small motions the above equation may be written as 


0 u 
0/ 


JL 

P * dx 


(i) 


(2) 


(since 


7 u 
9.r 


is a quantity of the second order). If g, the acceleration due to 


gravity, be assumed to be a constant independent of height (which will be true when 
the height of P is not great as compared to the radius of the earth), we may put 


I 0^ 

/) * 9 X 


dx 


h) 


where is again a (juantitv which is independent of lieight and the aigni- 

ficance of which shall be seen presently . 'I'hen equation (2) may be written as 
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... (4) 


The meaning that we may attach to 


9>; 

dx 


is obtained as follows ; Let P and 


Q (figure i) be points in the same horizontal line separated by a small distance 8 :t. 
Let RvSQ be an isobaric line passing through Q which meets the vertical APB at 
the point R. Then the difference of pressure between P and Q is equal to the 
diflercncc. between P and R, i.c., to the weight of a column PR on unit cross- 
section. The density of the fluid is not a constant but varies with height. 
However, if pn be the average density of air in the element PR, 

Now, when Q is taken very close to P, the point R approaches the point 
and the average density pa approaches p, the density at P, so that in the limit 


or 


from ( 3 ) and ( 5 ), we have 


so that 


dt 


II 

CO \0Q 

p-g> 

PR 

«.r 


dp _ 

p-e- 

aY 

a;v 

... fs) 

isoberic 

line 

passing near the point P. 

Hence 

9Y_ 

0»/ 


... (6) 

dx 

aT 


9r, 


0Y 

... ( 7 ) 

a 

0 X 


0 . 1 ; 


Now, if ^ is the time integral of the displacement past the section .r, up to the 
time t, 

In the case of small motions, this will, to the first order of small quantities, be 
equal to the displacement of particles which occupy it at time I. Equation (7) 
may therefore be written as 


du _ 9 _ _ dv — 9 Y 

dJ 0/* aa- 


( 8 ) 


Let us now make the hypothesis that, of all the isobaric lines that may be 
drawn, there is one across which there is no transference of air. Asthedis* 
turbance takes place, this line would divide the atmosphere into two separate 
parts and would therefore have the properties of a boundary. IfY, is they 
co-ordinate of a point on this isobaric boundary line in the section at x, the above 
relation holds good for thi? line also and therefore 
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8Y. 8.; 

8 a' 8 .V 


(y) 


Integrating, we get + where h is a constant, is the variable part 

of V" ,, and we may therefore readily identify h to be the height of this boundary 
at X, in its equilibrium position and its displacement from this position at the 
instant /. 

The equation of continuity may now be applied by considering the fluid that 
has entered the space below this boundary, lying between the sections at .v and 
.v + Sa up to the lime /, time being reckoned from the instant when i; is '/ero at .\ . 
If we make the hypothesis that elements of air retain their volume unchanged 
ill the movements of the free atmosphere, the equation of continuity becomes 
analogous to that of water and if ij be not great, we gel 

(^. U. b.) = b. 8 a 

Ox 


or 



dtj __ _ 
8a; 


h. 


85 

8 a:*' 


Eliminating between (8) and (ii), we have 


de 


£.h. 


8x* 



(10) 

(11) 


(12) 

(13) 


where c=^g.h. ••• 

This is the well-known equation for wave propagation, the velocity of 
propagation in the x direction being equal to c. Hence if the wave travel with 
a velocity c, in the a-direction, the height of the isobaric boundary surface 
(which divides the atmosphere into tw'o parts and between which there is no 
mixing of air) above the ground is h, where 

/,=-£' ... (is) 




(16) 


and where ;i is the wave-length and T the period of oscillation, b may be called 

the height of the ‘ ground layer.' 

■ A rilation is thus oliWuetl couuQCtiuB the lieiBht uf the layer with the mode 
of oscillatioh that is propasated h. h. H si.™''’ lie noted that in developine 
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the theory, it is assumed that 


I Op 
P * dx 


is the sapie at all points in a vertical line. 


From this, it followed that 


0 ^? 

dx 


or 


6Y 

is the same for all isobaric lines along a 

Ox 


vertical. I'his means that the isobaric lines are parallel. The same result, as is 
obtained above, will also follow, if we start with this alternative assumption 
that as the disturbance is propagated the isobaric lines remain parallel. 


equivalence between a ground tMYER AND 
AN OCEAN OF WATER OF THE vSAME DEPTH 

The result deduced above can be seen to be a particular case of the corresl 
pondence between the oscillations that can take place in a ground layer and those 
that can take place in an ocean of incompressible fluid like water. Provided the 
assumptions made above hold good, i.e., 

(1) the surface of the ground layer is an isobaric surfacet 

(2) all isobaric surfaces are parallel, and 

(3) an clement of air retains its volume constant in its movements in the 

free atmosphere, 

the oscillation in a layer of height h of the atmosphere are equivalent to those 
in an ocean of water of the same deptli This may be taken' as a princrple which 
can be applied for studying readily the dilTerent modes of oscillation in the 
atmosphere, for the tidal oscillations of an ocean of water have already been 
studied in great detail. 

LAYER CORRESPONDING TO THE SEMI-DIURNAL 
EQUATORIAL VIBRATION 


The theory developed above not only shows the possibility of layers 
ill the atmosphere but also enables us to calculate the height from the 
mode of oscillation. The semi-diurnal equatorial vibration is the most dominant 
oscillation in the atmosphere and the height of the layer corresponding to it 
may be now calculated. This vibration travels along the parallels of latitude 
making one complete circuit in a day and therefore the canal theory developed 
above may be api)lied to the vibration along a parallel. 

Assuming the earth to be a sphere of radius a, the length of a parallel of 
latitude X is cos A and the velocity at this latitude becomes 


Q _ 37ra. cos A 
A 24 X 60 X 60 


(17) 


Hence from (15) it follows tlmt the height of the ground layer at this latitude is 




4.ir ^.fl°.co s‘^A 
£■(24 X 60 X 6op " 


(18) 


£ 
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or 




(iQ) 


tassumiug that g is constant over the whole globe) where is tlic licight of 
t he layer where A — o . 


I _ 

^ g{24 X 6o X 60)*-^ 

//,() thus becomes the height of the ground layer at the equator. 

Assuming a to be 6368 kin., and g to be 981 cm/ sec. % /q, may be calculated. 


ho 


477^.6368^^ 

(24 X 60 X 60)® X 981 X 10“'"^’ 


— 21 ‘85 km* 


(20) 


At the equator therefore the height of the ground Iayeris2r85 kni. From 
equation (19) the height at any other latitude can be calculated. It is seen that 
the height gradually decreases as we go away from the equator to the poles and 
at the poles it is /.cro. At A 45"*, the height is 10*93 1 '-'”^* At Greenwich 
(A = 51°), h — 8*7 km. The way in which the height (rf the layer varies with 
latitude is shown by curve i in ligure 2. 

Corresponding to the equatorial oscillation it is thus seen that there is a 
ground layer of the atmosphere which is separated from the region aliove it by 
a boundary surface, the height of which above the ground decreases from the 
equator to the pole. The equatorial vibration is very prominent and therefore 
it is to be expected that the boundary surface of the ground layer will be very 
marked and produce perceptible effects. The effects it will produce may be 
easily deduced to be as follows : 

(1) There is no mixing of air below with that above. Consequently the 
upper legion of the atmosphere cannot receive heat by convection from below. 

(2) The boundary surface of a fluid has the property that at the boundary 
the velocity of the fluid perpendicular to the boundary is zero. Hcncc motion 
of air near the boundary will be parallel to it. The boundary surface of the 
ground layer slopes down from a height of aliout 22 km. at the equator to zero at 
the poles in a distance of ro,oon kin., so that in a limited region it may be 
considered to be sensibly horizontal. Consequently air masses above and below' 
this boundary surface wnll, to this extent, move in a horizontal direction, vertical 
motion being absent. 

(3) As a consequence of (1) and (2) above, heat can be transferred from 

below to the region above only by conduction and radiation, convection from 
the ground taking place only up to the boundary surface. Since convection 
is a more effective method of transfer of heat than conduction or radiation, heat 
transfer in the ground layer may be considered lo be mainly governed by convec- 
tion so that the ecimlihriuii) llial prevails tlioiv would he convective equilibrium for 
which there is a uniform lapse-rate of i-ei km., as discussed hy the author 

in a previous paper.-’-' This lapse-rate \vhich is a consequence of convection 



426 


D. S. Suhrahmanyam 

should prevail up to the boundary surface. The temperature distribution above 
this surface, beiuR governed by conduction and radiation, will be different from 
that l^elow. 

(4) 'Pile transition from the lower region to the upper region at this 
lionndary surface will not be gradual but .sudden. 

(5) The height of such a boundary surface above the ground will vary fioni 
the ecpiator to the pole, being about 22 km. at the equator and zero at the poles. 


FiauRE 2, 



• . Cur^t shoH'tng height COrrSs/ifffPa/f'ngf /c 0^ua^orfof iftbrofton 

J5, I, Ip polar p* 

3,— — — Au^ei/iary euri/e showing mtem of (ht aSone two heights 

A. — ' - Carre showing height of i^ropopisuse 

(mean raloe from fta mo r>afhon)s diagram 2 b) 

I S T H E 0 U N D A K Y S U K 1^' A C U O F T H E K (J U A T ORTA I. 

OvSCI Ivlv A XT ON THI5 TROPOPAUvSE OV OUR ATMOvSPHERE? 

It has been stated in the introduction that the atmosphere is divided thermal- 
ly into two regions, the Troposphere and the Stratosphere, _at the Tropopause, 
and that so far there has been no satisfactory explanation for it. The chief 
features that are seen at the Tropopause have also been described. When these 
features are compared with the effects mentioned above, a very close similarity 
between the two is found? Effects (i) and (2) agree with Shaw’s observations 
that there is no .mixing of air between the lower and upper regions and that 
air movements are horizontal at the Tropopause. Effect (3) — a constant lapse- 
rate due to convective equilibrium — is what is found as the chief feature of the 
Troposphere. An explanation may also be obtained for the isothermal condition 
of the lower Stratosphere from what has been stated above. Since convection 
from below is not- possible into the upper region across the boundary, heat -can 
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be transferred from below only by conduction and radiation. Transfer of heat 
by conduction, however, is very slow and consequently cannot influence the 
temperature above. Further, since according to this theory, it is not 
radiation that balances the effects of convection and stops it at the boundary 
surface, it is even possible to assume that the optical density of the upper 
region is equal to zero, which means that radiation has no effect upon the 
temperature there. Consequently when once isothermal conditions are 
established, radiative processes cannot destroy it. An adequate explanation 
may thus be obtained for the isothermal condition of the lower vStratosphere 
even when the transfer of heat from below only is considered, as is usually done 
in discussions on this subject. Effect (4)— the suddenness of transilion—is what 
is characteristic of the change at the Tropopause, a feature which has not been 
explained until now. Effect (5) again is in good qualitative agreement with the 
way in which the Tropopause varies in height with latitude. The theoretical 
boundary .surface varies from about 22 km. at the equator to o at the poles, 
while the Tropopause varies from about km. at the equator to about 6 km. 
at the poles. If it is remembered that there has so far been no theory which 
explains in a comprehensive manner all the features that are observed at the 
Tropopause, the explanation that this simple theory offers cannot but be 
considered to be remarkable. 

It may also be seen why there is want of (juantitative agreement between 
the height of the boundary surface of the theory and the height of the 
Tropopause. In the theory developed above, the vibration is considered to take 
place along the parallels of latitude. When the polar vibration is also taken into 
account, the resultant vibration is modified and it will no longer l)e along the 
parallels except where the amplitude of the polar vibration is zero. It will lx; 
of interest therefore to examine how the polar vibration would itself divide the 
atmosphere. 

T H K P O 1/ A R V T B R A 'J' I O N 

Considering moLion along meridians only and following the close analogy 
with tidal oscillations in water, the polar vibration may be studied as follows ; 
Ett u be the velocity of particles along Uie meridians, the velocity at right 
angles being considered to be zero, Consider an clement between closed meridians 
at a point the co-latitude of which is 6 . If ?/ is the displacement of 
the isobaric boundary surface in the direction of the vertical and h the height 
of this surface above the ground at this point, the equation of motion and the 
equation of continuity can be written down to 

= - 9 ^ 

3/ a.de 

dt) _ _ _x 1 3 ( fe. u- s in S) } 

3 i Cl sin 0 / 9 ^ f 
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111 the case of simple haniioiiic motion, the time factor being fhe 

equations take the form : 




0 (ft. u. sin 0 ) 


^T-.a.sin 6 I d6 

^ i’M 

n-.ti 0 6 


If we assume that ft is uniform 




h,g 


(T^.a^.smO 0 ^ 




or 


-L_.. 9 sin^.l^ -V. 

sin d ^ I QO I hg 


r) = 0. 


This is identical with the equation for zonal harmonics if we put^ ' 


hg 


= «.{« + 1). 


, ... (21) 


The solution of the above equation will be t] = Zn, where Z« is the zonal harmo- 
nic of order 11. 

From (21) the height of the isobaric surface from the ground may be 
deduced for the semi-diurnal oscillation for which n = 2 and 


27r 


cr^. 


12 X 60 X 60 


h.g 


- =2. (2 + 1) 


or 


6 ^ 


4’r’^.a ° 

6(12 X 60 X 60)^ X g 


= S 1j„ = i 4'57 km. 


(22) 


where h„ is given by equation (20). Since the oscillation is the same along each 
meridian, the height of the corresponding boundary surface will be the same at 
aU points on the globe and U will be equal to i4‘s7 km. The theory presented 
above is in conformity with Schmidt’s hypothesis, for there is a nodal circle at 
latitude given by cos* ^ = J- for the zonal harmonic of the second order, or since 0 
and A arc complementary angles, 


or 


sill* A=4 
A = 3.'5“i6'. 
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At this latitude, the polar vibration is zero and the equatorial vibration 
alone is present. Consequently the height of the ground layci nill not hc affected 
by the former. It is equal to 

h = fio> cos®A=/io(i — sm®A) 

= ho(i-i)^hho 

= 14*57 km. 

Along this latitude therefore the height of the ground layer will be i4'57 km., 
the same as for tlis i^ol ir vibration. vSince the polar vibration is absent at this 
latitude and the equatorial vibration alone is present, the motion of particles is 
along the parallel and the canal theory developed above should be strictly 
applicable. The height of the boundary surface above the ground should there- 
fore be 14*57 km. at this latitude. Observations show tliat the height of the 
Tropopause at this latitude does not differ appreciably from this value. Accord- 
ing to Ramanathan’s diagram it is about 14*8 km. in summer and i2'8 km. in 
winter so that the mean value comes to about 13 ’8 km. which differs from the 
above theoretical value by about 6%. The agreement between the two may 
be taken to be fair. 

At other latitudes the canal theory cannot strictly be ai)plied, since the 
resultant of the two vibrations one along thj p irallels and the other along the 
meridians will not be linear in general. The theory of these oscillations presents 
some difficulties which will have to be further studied and it is therefore left 
for the present. However, it is seen that the height of the layer due to the 
eciuatorial vibration is greater in latitudes lower than 35° 16', and less in lati- 
tudes higher than 35*^ t 6' than that due to the polar vibration. Consequently, 
in the lower latitudes, the boundary surface due to the resultant vibration may 
have to be higher than i4’57 km. but it may not reach the value corresponding 
to the equatorial vibration- At the ecpiator, therefore, the boundary surface 
may have t ; be intermediate between 14*57 21*85 km. Actually the 

Tropoiiause is at a height of about t8 km. at the equator. Similarly, in the 
higher latitudes the height due to the resultant vi!)ralion may have to be greater 
than that due to the equatorial vibration but less than 57 This may be 

the reason for the height of the Tropo]mise not being zero at the poles. The 
auxiliary curve 3 in figure 2 shows fair agreement with the Tropopause except in 
the polar regions- 

From the very close similarity between the efiects deduced for the boundary 
surface of the theory and the features observed at the Tropopause, the fair agree- 
ment that is found between the height of the Tropopause and the calculated 
height of the boundary surface at the nodal circle of 35 16', and the qualitative 

agreement between them at other latitudes, it may be concluded that the Tropo 
pause isBO other than th. boundary surface of the theory, beine a consequence 
of the very prominent semi-diurnal oscillation of the atmospher.. 

6 
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vSeveral other questions arise when such a hypothesis is made. The boun 
dary surface of the theory is an isobaric surface, so that the question comes u]) 
whether the Tropopause is such a surface. Confining our attention to the equatorial 
vibration, it is seen that it is only necessary for the pressure to be the the same 
along parallels of latitude on the Tropopause, for the waves travel along parallels 
The Tropopause as a whole need not be an isobaric surface. This seems to have 
a bearing on the height of the Tropopause and the pressure at the ground. If the 
Tropopause is low at a place, the height of the ground layer becomes less at the 
place than at other places lying on the same isobaric line of the Tropopause 
The pressure at the ground at that place will therefore be less than the pressuiW 
at these other places at the ground- Alow Tropopause consequently means \:i 
comparatively lower pressure at the ground. This agrees with the well-observe^] 
fact that when the pressure is low at the ground the Tropopause is low aud when 
the iJrevSsure is high the Tropopause is high. A more detailed examination of the 
(luestioii will have to be undertaken later. 

Another question is whether other large-scale disturbances in the atmosphere 
will not go to obliterate the effects of the disturbance due to the senii-cliurnal 
oscillation. In answer to this it may be said that : 

Firstly, the semi-diurnal oscillation is not w^eak. It is very prominent and 
is observed ';t all stations over the globe. ' 

Secondly, whether the large-scale disturbance upsets the normal condition!:^ 
and obliterates the Tropopause or not depends on the nature of the disturbance. 
If the disturbance is one of penetrative convection, the Tropopause will be broken 
through and the effects of the discontinuity would disappear. Jf, how^ever, the 
disturbance is one of cumulative type in wdiich air masses arc pushed up due to 
accumnlatioji below and air motion is similar to that in long waves of water, 
the discontinuity will persist Init the position where it occurs would be different 
from the normal. It is shown in a previous paper by the author that it is this 
type of convection that prevails in the free atmosphere. Consequently, there is 
possibility for the discontinuity to remain intact even when there are disturbance.s 
(of this type) in the free atmosphere. 

There are also several other questions connected with the Tropopause like 
the variation of its height with seasons and with the presence of cyclones and 
anti-cyclones in the atmosphere, which demand an explanation from the theory. 
These questions arc left for ^he present for future discussion. 

T H K ‘vS T R A T O S P T I K R B ’ 

The effect of the semi-diurnal oscillation has so far been discussed. But 
it is known that there are other modes of oscillation also which have been referred 
to m the introduction. The other possibilities corresponding to these modes 
may now be discussed. If we take the 8-hour oscillation to travel along the 
parallels of latitude, the height of the corresponding layer will not be different 
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[rom what it is for the 1 2-hour oscillation as 


A 

T 


will have the same value. 


But 


m the case of the polar vibration it is not so ; for if we put u equal to 3 in 
equation (21} 

^(« + i)n g, 3.4 

^ X 3 X 4 X (8 X 60 X 60)^ 4 

Similarly for the 64ioLtr oscillation : while the height corresponding to the 
v_'(liiatorial vibration is not altered, that corresponding to llie polar vibration 
\\ ill be 


/z= /t, . 

5 

For the 4-hour oscillation this will be 

1 ^ I 

ho • 

7 

Thus the height corresponding to the polar vibration increases as the mode 
of oscillation becomes higher. Consequently the heights of the boundaiy surfaces, 
corresponding to the resultants of these higher modes will also gradually increase. 
However, there is one limiting value for this height. It is seen from equalion 
(-r) that when n is equal to iiifiuity the value of li is equal to h,. [i.r., 2 i '85 hni.)- 
From the niiniiiiuiu height corresponding to » e(]ual to 2 to the iiiaxiinuiii hc-iglil 
corresponding to ,i equal to infinity, there is a possibility for a number of inter- 
mediate boundary surfaces to exist. But as there can be no motion at right 
angles lo a boundary surface the air in this region wili possibly have to niove 
horizontally, being confined to strata lietween consecutive boundary surfaces. Tlie 
name ‘ Stratosphere ' then becomes specially appropriate. 

boundary surface at 2185 KM. 

The height corresponding to the travel of a vibration along a great circle 
IS the maximum possible height of the boundary surface at any point on the 
globe and this height is the same for all points on it. The Lsobanc honndai y 
surface corresponding to this extreme mode would, therefore, present a disconti- 
imity at a height of zi'Ss km. above the ground at all places on the earth winch 
may become marked by presenting some interesting features. An nnpor ant 
observation that has attracted the attention of meteorologists and that has led o 
-he explanation of several interesting facts is that “ the pressure at 20 km. above 
thesurfaeeis practically constant (the value being about 55 mk ) all ovei it 
globe and at all seasons.”"" Discussing the law of temperature diflerence that 
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where the upper strata are warm the lower strata are cold and vice versa, Geddes 
states that “ this is bound to follow from the uniformity of j)ressure at 20 km. 
For this uniformity of pressure depends almost entirely on the mean temperature 
of the air from the surface to 20 km. The mean temperature must, therefore, be 
the same not only for cyclones and anti-cyclones of mean latitudes but also for 
all parts of the globe so that the temperature in the vStratosphere over the equator 
must be very much lower than in the high latitudes which is in agreement 
with observation.*’ 


OTHER P ( ) vS 8 I B Iv E H I O H K R LAYER S 


Another interesting possibility may also be discussed, viz., the waves i)rop^i 
gated being along great circles of the earth. For a vibration that travels roiiuVl 
the earth periodically and continuously it is easily seen that a great circle should 
comprise cither 1 wave or 2 waves or 3 waves or 4 waves, etc. Thus if A be the 
wavelength of a wave, we may write 

\i — 27ra 

X. = 25^ ! 


^ 2ira 

Aa “ 

3 


(22) 


A4 


27ra 

'I 


Again the period of oscillation is in terms of tlic solar day of 24 hours so that 
taking that as the period of the fundamental, the periods of the harmonics will be 
12 hours, 8 hours, 6 hours, etc. Thus the possible periods aie 

Ti = 24 hours 


T2 = 12 


(23) 


Ts = 8 

T4= 6 


Now the velocity 


of 


propag^ation C is equal 



so that combining the possible 


values of A with the possible values of T we get a number of possible values 
of C. Corresponding to each value of C again we have a possible height of the 
boundary surface h. 
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The height ho that has been calculated to be 2i'85 km. above coivesponds to 
Co, where 


Co - 


and 


ho = 


Ta 

= eg _ 


g 


— 31 '85 km. 


(25) 


Some other possible velocities and heights of boundary surfaces may there- 
fore be easily found out. 

The corresponding height of the boundary surface is 


(i) 


hi = 


9L 

g 


= = 


g 


4ho 


= 87*4 km. 


Ca (say) = ^ = 3C0. 
^ 3 


(3) Again, 

The corresponding height of the boundary surface is 


/Iq — 


g 


= = 9*0 

g 


= 196*7 km. 


(3) Further, C3 (say) = = --Co- 

fa 2 

The corresponding height of the boundary surface is 
I C^2 qCs® 9 , 

h.^ = ^ -J? =r ^^.ho 

rr A rr A 


g 


4^ 


4 

49’2 km. 


(a6) 

(27) 


(28j 

t29>) 


(30) 

(31) 


In a similar way the heights of other possible higher layers may also be 
calculated but those calculated above are the most important as they involve the 
first few higher orders up to 3. It should be noted in this connection that these 
values require some correction as some of the assumptions made, like the constancy 
in the value of will not hold good strictly at these heights. It is, however, 
remarkable that the heights //i, htj, ft 3, deduced above are very close to the values 
of the heights observed for the K, F, and D ionised layers of the atmosphere 
which are about 90 km., 200 km. and 55 km, respectively from the ground. It 
is not known whether the corresponding oscillations, for which a possibility has 
been seen, do actually exist in the atmosphere. It would greatly strengthen the 
hypothesis of this paper if they are discovered. 
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CONCLUSION 

'Pile theory presented above cannot be said to be complete. Only the case of 
canal waves of air has been satisfactorily dealt with and the horizontal pressure 

gradient is assumed to be independent of height. Even with these limi- 

p Oo: 

tations, several important and interesting results have been deduced, the most 
important one being the possibility for the atmosphere to be divided into layers, 
the transition from the lower to the upper one being very sharp. There is no 
mixing of air between the two layers and the height of the ground layer depends ; 
upon the mode of oscillation to which it corresponds. Several other results \ 
followed which are ; 

(1) The boundary surface corresponding to the semi-diurnal vibration has a 
re.semblance to the Tropopause in the atmosphere. 

(2) There is possibility for mixing of air between the ground and this 
boundary surface so that convection can take place up to it and not beyond. 
Convective equilibrium can therefore prevail in the ground layer up to the 
boundary surface. In this respect the ground layer resembles the Troposphere 
of our atmosphere. 

(3) I'he possibility for a number of boundary surfaces between that corres- 
ponding to II equal to 2 and that corresponding to n equal to infinity of tfie polar 
component explains the jmssibility of this region of the atmosphere to be divided 
into strata between which there can be no vertical motion of air i.e., 
the possibility of a ‘Stratosphere.’ 

) The boundary .surface corresponding to the travel of a wave along a 
great circle will be at a height of 21 '85 km. at all points on the globe and should 
be an isobaric surface. This compares well with the observed fact that at 20 km. 
height the pressure at all points of the globe and at all times of the year 
is the same. 

(5) Possibility has also been shown for other higher boundary surfaces 
corresponding to the principal possible modes of oscillation. The i^eights deduced 
for three of these are found to be very close to the heights, ^f the E, F and D 

layers of the atmosphere. 

'I'hus the results deduced from the theory find corresponding facts of obser- 
vation and it is a question whether these coincidences are fortuitous- It may, 
however, be seen that the cuncidences are raher close and that they are also not 
due or two. Furtlier, it may be noted that the theory is based on the assumption 
that in the movements of the free atmosphere an element of air tends to keep its 
volume constant (provided the displacements are not great) and this assumption 
has also led to a satisfactory explanation of the . uniform lapse-rate in the free 
Troposphere and- to the vertical motion in cyclonic and anti-cyclonic systems. 
Taking all these things together, the theory. pres.ented here may. be taken to bO 
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a new approach to the understanding of some very important phenomena in tlie 
free atmosphere which have not yet been completely understood. 

In conclusion, the author takes great pleasure in expressing his grateful 
thanks to Mr. V. Ch. John, the Principal, and Rev. Dr. H. H. vSipcs, the Bursar, 
of his college for their kind encouragement and to Dr. 1. Ramakrishno Rao of the 
University College, Waltair, for the great interest he has been taking in the 
author’s work. 
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Plate XIX 

abstract. I'hc Ramaii spectra of three eouniarins and two chroinones, inchidiiij^ the 
parent bodies, have been recorded. A significant difference of tnore than fjftv wavenumbers 
has been observed in the inaxiiiium non-hydrogen frequencies (1600-1700 enr ’) oi the twi7 series 
tjf compounds. It has been suggested that the examination of Raman .spectra can be undertaken 
to easily differentiate a chromone body from a coiimarin* even if they arc strictly 
isomeric, cither of ivhich may be formed in .some well-known synthetic reactions of firganic 
cliemistry. 


The Pechniann method ’ of condensing phenols with /:i-ketonic esters in 
presence of sulphuric acid, and the allied method of vSimonis ® using phosphorus 
pentoxide as the condensing agent, give rise occasionally to henzo o-[)yroncs 
or eouniarins and benzo y-pyrones or chromones. 


0 


0 


Couniarin skeleton 


0 



\/\/ 

II 


O 

Chromone skeleton 


A considerable volume of work has accumulated studying the iniluence of 
different substituents in the benzene nucleus on the formation of these pyroiie 
t)odies, and empirical rules have been formulated whereby to anticipate the 
formation of one or other of these in a condensation process.' The purely 
fhemical method of testing a chromone or a coumarin is based upon alkaline 
Irydrolysis of the compound and examination of the hydiolysed products 
obtained. The distinction is made by degradation to an o-hydroxy ketone 
'1' -acid or an o-niethoxy cinnamic acid, or for 2-methyl chromones by the 
oriiiation of styrene derivatives. Further, the eouniarins, being of simple 
"ictonic nature, do not give rise to seiiiicarbazoiies, oximes or phenylhydrazones, 
idicating absence of any ketonic character of the C=() group present in it ; while 

7 
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the chroniones are known to give rise to oximes and oxoniuni salts. These 
chemical methods are not always simple, and negative evidences are often of 
little value. ^ 

Simple physical methods for difl'erentiating the two closely related 
series of compounds have not yet been developed. A study of Baker and 
Eastwood ’ on the constitution and power to form gels in dilute alkali with 
different y-pyrone derivatives did not yield any fruitful results. Tasaki and 
Kakower's studies on the absorption spectra are restricted to coumarin and 
its derivatives, and have not been pursued further. Measurements of electric 
moment by Rau ^ indicate the existence of mesoinerism in the jjyrone dcrivalivles, 
and do not appear to l)c useful for purposes of diflercntiation- \ 

It may be noted that the physical methods summed up here do not, Tfii 
general, reveal any characteristics of the carbonyl group present in all pyronc 
compounds. Chejnical evidences indicate difierence in nature and activity of the 
carl)onyl group present in the o and y series. It was argued that coumarins and 
chroniones should be characterizable by studying the physical properties of this 
carbonyl group, even when they were strictly isomeric. The carbonyl linkage, 
it may be mentioned, is found in acids, acyl halides, esters, anhydrides, aldehydes 
and ketones, and the corresponding Raman inner frequencies occur in the region 
of 1645-1800 cm'"\ not very crowded with other frequencies even in jioly atomic 
molecules. Existing data also indicate variations in the value of the G = () 
frequencies dependiug on the location of the group in differently constituted 
compounds, corresponding to known differences in chemical behaviour. Conse- 
quently, with a view to detecting the difference, if any, that might exist in the 
magnitude of the carbonyl frequencies of the two series of compounds a number 
of similar coumarins and chroniones have been prepared and their Raman 
spectra examined, the results of which arc being communicated in the present 
paper. 

The attribution of the many frequencies recorded of these highly complex 
heterocyclic compounds to individual modes of vibration, although very 
interesting, was not the object of the present work, and has not been attempted 
here. — 


EXPERIMENTAL 

Chromonc — It has been obtained from c^-hydroxy acetophenone and oxalic ester 
by modifying the method of Kostaiiecki and his co-workers." 

o-Hydroxy acetophenone was prepared from phenyl acetate by F'rie s 
rearrangement. Anhydrous AICI3 (200 g.) was taken, cooled in ice, and phenyl 
acetate (to 6 g.) slowly added. The reaction started at once with a strong evolution 
ofllCl, When the reaction subsided, the mass was heated for half an hour in 
an oil-bath at tio-it2°C. The red mass was cooled, decomposed with ice-water, 
and distilled in steam for 5 6 hours. The turbid distillate was taken np 
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with ether, which was then removed. The liquid residue, o-hydroxy acetophenone, 
was purified by vacuum distillation (distils at io7*iio°C/i nun). 

Molecular sodium (6 g.) was kept under ether c.c.) cooled in freezing mix- 
lure, and oxalic ester (20 g.) was added, followed l)y a cooled mixture of o-hydroxy 
acetophenone (16 g.) and oxalic ester (20 g-J. The flask was kept all the time 
under a reflux condenser, through which ice-cold w ater circulated. A vigorous 
reaction took place, after wdiich the flask w^as kept undisturbed for 2.1 hours. 
The orange pasty mass was then treated wuth alcohol, acidified w ith dilute acetic 
acid and shaken up with ether. The liquid residue obtained from the ether 
extract, 2-oxy benzoyl pyruvic ester, was dissolved in loo c.c. alcohol and liydro- 
lysed to chromone carboxylic acid by refluxing with cone. HCl (20 c.c.) for four 
hours. The alcohol was removed and the carboxylic acid after washing and 
crystallizing from dilute alcohol, was decarboxylated by lieating at 255-26o"C for 
two hours. The tally liquid obtained was distilled in vacuum when chromone 
distilled over (iiC)-ii2'’C/i mm). It was rccryslalli/ed from dilute methyl alcohol. 
(M.P. 58° C). 

2 :^-dinicLhyl j-hyd)o:\y chromoiu — This was obtained by the method of 
Pechmaun and Duishberg,’’ and was purified by crystallizatioii from alcohol. 
(M.P. 262^0. 

Coumarin-r-Scheiiug's purest sample w'as recrystallized from alcohol. (M.P. 

3:4-dimelhyl 7-hydroxy coumariii — This was obtained by the melliotl ol 
Kostaiiecki and Lloyd, and was further purified by recrystallization from alcohol, 
(M.P. 25 S- 257 °C). 

/LMethyl umbelliferoiie methyl ether — This compound, obtained by methyia- 
tion of ^-methyl umbeiliferone synthesized by the nietliod of Chakravaiti, was 
kindly lent by him to the luesent authors, and was subsequently pui ified by 
crystallization from alcohol. (M.P. 

The chemical structures of the comiiounds examined in the present work aie 
as follows : — 

Coumarins ^ hiomoms 

MM f ^ 


11 







I. Coumariii 

HO O 


0 



II. 3 : 4-diniethyl 7-hydioxy couiiiarin 


O 

lA. Chromone 

HO O 

Me 


'V 


Me 


O 


II.'V. -.s-dimethyl 7-iiydroxy chromone 
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MeO O (.) 

I 

Me 

111. ^‘tneth} 1 umbelHferoiie lucthyl ether 


Tabt.k I 

Coumarin mid Chromonc 

Raman frequencies in cin“^ (200-2000). Figures in parenthesis 
indicate relative intensities 


Coumarin. 


Solid 1* 
(1000-2000). 

inCHClji* i 
(1000-2000) . j 

ill CHgOH. 



373 

452 

730 

761 

1030 

1030 

1034 

IIOO 

ioq 6 


1I2S 

1123 

1112 

1156 

1156 

1170 

1181 

1181 


1228 

I 22 Q 

1225 

1260 

1262 

1263 

I 32 fi 

1332 

1324 

3457 

1460 

1446 

i486 

% 

1484 

1493 


1567 

1369 

- is-sfi 

1604 

1609 

1609 

1620 

3631 

1717 

J708 

1720 


17.31 




Chronione. 


in CH3OI-J. 

1 

ec 

Molten, 

» 

234 (i) 

283 (1) 

361 (i) 


496 (1) 

432 (j) 

498 (i) 


716 (4) 

710 (2) 

70S (j) 

807 (2) 

812 (6) 


868 (i) 

944 (4) 


1037 

1039 (i) 

1121 (i) 

1129 (2) 

1121 (4) 

X179 (fi 

1193 (2) 



1249 (q) 



1300 (lb) 


1335 (i) 

1354 '8) 

1339 (3) 



1430 (4) 

1 


1560 (2) 



1646 ^6) 

1657 (3) 

1647 (2) 
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The parent bodies, Tjc., simple couuiarin and chionioue, wciv examined liy 
dissolving them in different solvents, r.sually the best solvent was ehlorofoi ni, 
and the solution during exi)osure was kept electrically heated to keep '.arger 
quantities of the substances in solution. )i)-l)initrt)l)cn/.ene filler was used to c\il olT 
the 4046Agrouppf lines and lines of shorter wave-length from the incident radiation, 
to avoid any unde.sirable fluorescence. Chronione was melted in vacuum in a 
thick-walled layrex test tube, and kejd molten during the exposure by healing 
electrically. Ilford Special Ra])id plates were preferred for the good contrast in 
the recorded spectrum. The usual exposure varied from ao to lo hours. 'I'he 
results are tabulated below. 


'I'Ani.ii II 

Coumarin and Chromone DeriA’atives in Chloroform 


11 A 1 

TT 

111 

1 

36 * } 

39.^ 

42 J 

AM 

■13^ 


17(1 

.IS7 

812 

808 

Nil 

q 48 


939 

1122 

1149 

I i4‘j 


7211 

I" 

’339 

133^' 

J 33 ‘' 

1448 

1440 

74 S 1 

T.S96 

3 54 -'^ 

i.s4n 



i 9 . .3 


1702 

D T S C U vS vS I 0 N 

1 7 < 


The photographs of some of the spectra recorded are re])roduced in the 
plate. It'niay be easily seen from the results obtained, that the caibonylfiequcncy 
in the coumarins has a normal value, nearabout 1700, although it changes slightly 

in different solvents, quite possibly owing to hydrogen bond formation. '■* The 

maximum frequency hoviever, leaving the hydrogen oscillations, has a^ considci 

ably lower value in the chromones, being of the order of 1000-1650. That this 

lower value is not due to dani].ing of the inner frequency ol the carbonyl group 
bonded lo a hydrogen atom of the solvent molecule is certain, becau.se the value 
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does not change greatly in molten chronione and in the solutions of the 
same in different solvents. Some of the higher frequencies (1500-1650) in the 
couTiiarins and chroinones are doubtless due to inner vibrations of the benzene 
rmg (vf> and v'9)*^ attached to the heterocyclic, and the question whether the 
frequencies nearabout 1600 are due to such vibrations of the benzene ring or that 
of a carbonyl group has to be settled. The possibility of the latter case arises 
from a ketone-betaine mesomerisni in chroinones of the type 



as j)OStulated by Lo Fevre and Le Fevre on the strength of electric moment \ 
data.i*^ 

The systematic difference, however, of more than fifty w^avenumbers between 
the maxiniuni non-hydrogen frequencies in the two series of compounds — a differ- 
ence which persists even when two pairs of isomeric compounds are chosen from 
the iw'o series — is very interesting, and indicates the possibility of utilizing the 
Raman spectra of these compounds for the purpose of differentiating a chromone 
from a coumarin. Further verification with a larger number of known 
isomeric coumarins and chromones is desirable. 

The autJiors are indebted to Prof. M. N. Saha, Palit Professor of ^Physics, 
for kindly providing all facilities of his laboratory, and to Dr. S. C. Sirkar and 
Dr. P. K. Bose for their constant interest in the work. Their grateful thanks 
arc due also to Dr. D. Chakravarti, for lending some of his compounds. 
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University College oe Science, Calcutta. 
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SUPERSONIC VELOCITY IN GASES AND VAPOURS. 
PART IX. SPECIFIC HEATS AND DISPERSION OF 
SUPERSONIC VELOCITY IN ORGANIC VAPOURS 

By S. K. KULKARNI JATKAR 


{Received for PiibHeatioii, Nov jX, 

ABSTRACT. It has been shown that the recent results oblained l)y RaiNlon hjr the super- 
sonic velocity at lower temperatures are in agreement w»lh the aulljor\s results at highei tem- 
peratures in the case of l)enzcnc*, ethyl alcohol and ethyl ether. The methyl aleohol aiul eaibrui 
tetrachloride vapours appear to have lost the vibrational specific heats below loo Kc./sec In 
the cafe of ben/rnc and carl)on disulphide vapours the value of Vq and Vj orV, at (ji/' are 
200 in./scc\, 208 m./sec. and 203 m./sec. and 216 m./aec. respectively. 'Idie corresp-mding 
values of the specific heatvS are in agreement with the theoretii'al values calculattal on the ba.sis 
of the avssuinptioii that in the case of benzene, the deformation vibrational terms and in th(' 
ease of carbon disulphide, both the deformational and longitudinal vibrational terms disappear 
from the acoustic cycle. 

The supersonic velocities in vapours of acetone, chloroform, methylene chloride and ethyl 
alcohol yield specific heat values, which are higher than those calculated from si)ecirost'opic 
data on account of uncertain corrections due to saturation. 

INTRODUCTION 

It was shown in previous parts of this series' tha( the molecular heals of 
vapours of several organic compounds calculated from the velocitie.s at supersonic 
frequencies between 50-127 Kc. /sec. were in most cases in fair agreement with 
those found by thermal methods and with those calculated from spectroscopic 
data. Since all polyatomic molecules have vibrational energy they should sliovv 
supersonic dispersion if there is a time lag between the rotational and vibraticmal 
specific heats. In line with this idea the author found that in the case of mole- 
cules which are increasingly anisotropic, there is a dropping out «if deformational 
and vibrational degrees of freedom in the acoustic cycle in the frequency range 
below 50 Kc./sec. The results of the author also indicated that tlie molecules of 
the AXB;, type appeared to have suffered transition in the velocity of .sound below 
50 Kc./sec. As polyatomic molecules have large vibrational specific heats, other 
vapours might show dispersion at frequencies higher than llie range studied till 
now. 

The possibility of multiple transitions in supersonic velocity which was origi- 
nally put forth by Bourgin and Richards was thus partially substantiated by the 
results of the author. According to this idea the velocity of sound at low 
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fre(jitc'iicy may icniaiu at a value V ^ in which the translational, rotational and 
vibi atioiial fre(jueiK:ies of the moiecules take their full share in the adiabatic cycle. 
At higher frequencies the velocity j)asses through the first dispensivc region and 
remains at a constant value V i owing to tlie time lag between the rotational and 
liaiisverse vibrational specific heats. When the frequency is further increased the 
time i*eriod may be too short to permit the transformation of translational and 
rotational energy into the energy of vibrations, l)Olh transverse and longitudinal, 
wlien tile velocity w ill reach a leriiiinal value Voo . The sj)ecirK heat of even the 
most comt)lex molecules will then consist of only translational ajul rotational 
terms. The possibility of a partial degradation of rotational specific heat terms in 
su]>ers(mic waves has also lieen shown to be possible by the present author. 

Further support to the existence of transitions in supersonic velocity in com- 
paratively low frequency range was found by the author in the calculations of 
specific lieats based upon the recent supersonic velocity measurements in vapours 
by Railston‘^ at lower temperature. Railstoii found that it was more difficult to 
work with vapours than with gases, especially wu'th vapours of benzene, acetone 
and ether, which stopped the oscillations of the crystals within 20 to 30 minutes 
after admission into the apparatus. Two of the vapours, benzene and carbon 
disulphide, showed change of velocity with frequency, which was more than his 
experimental error (0.5% at 97.8 Kc., 1% at 465 Kc., 1.3% at 695 Kc., anjd 2.5% 
at TOGO Kc. The measurements were carried out at comparatively lower tempera* 
lures, where the compressibility corrections were large and uncertain. The reason 
for the increased error at higher frequency is not mentioned and is obviously due 
to complexity of the wave form, and no attempt has been made by Ruilston to 
calculate the specific heats for several of the vapours. 

The object of the present paper is to calculate the specific heats of the various 
vapours u.sing the velocity data obtained by Railston and compare the results with 
tliose calculated by the spectroscopic method used by the author, in order to find 
out whether the velocities at supersonic frequencies were normal (Vo), or showed 
any transition (V^ and V»). 

A comparison of the velocity measurements obtained by Railston f/or. cif.) 
with those already measured by the author at higher temperatures by calculat- 
ing the temperature coefficients using the linear law of the type = 

V„(i +• a connecting the values of the velocity at different temperatures, is 
given in table 1. * 

The values of the temperature coefficient obtained from the results of the 
author are given in cohmin 1. In the case of carbon disulphide the tempera- 
ture coefficient has been calculated from the result of Railston at 45° and the 
author’s result at 92°. The values of a arc in most cases near theoretical value 
for gases, 7^/3., 0.0037. A comparison of the velocity calculated from the tem- 
perature coefficient, with the values observed by Railston shows that linear Jaw 
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Table 1 


V , mctcr«/sei'. 



Author, i 

metres /sec. , 

I 

, i 

leiiip. ”C.i Calculated. 

1 

1 

Railston. | 

Audible. 

Carbon disul- 
phide 

0.0034 

igo 9 ! 

4.S 

203.0 

1 

203 

1 

202 

Peii/eiie 

.00.^ T 

170.9 j 

90 

2UO.O 

198 

200 

Chloroform 

.0036 

147.7 ; 

70 

169.9 

154 

^53 

Methylene 

chloride 

.0031 

179.0 

1 i 

13 

190,5 

177 

J76 

Kthyl alcohol 

.004^1 

223-0 1 

So 

261.5 

262 

266 

Acetone 

.0041 

201.9 j 

5« 

224.7 

i 

2TO 

i 

208 

Carbon tetra- 
chloride 

.0047 

12(.».3 ] 

i 

j 

140.4 

151 

150 

Kthyl ether 

.0041 

17-1-7 

35 

iR6,R 

188 

38b 

Methyl alcohol 

•oo3() 

2H5-7 

67 

320.8 

1 _ 


.S41 


holds good in the case of the vapours of benzene, ethyl alcohol and ethyl ether. 
In the case of carbon tetrachloride and methyl alcohol the results of Railslon 
arc too high, probably due to the fact that at lower temperatures these vapours 
have already undergone a transition. In the case of methylene chloride, chloforni 
and acetone, Railston’s results are too low, which seem to indicate that the 
compressibilities in these vapours are very nnicli higher than those given by the 
equation of state. 

The specific heats were calculated from the velocity of sound by the ratio 


CpICv-y, which is given 


by the expression 



where ^ is given by 


64 

in which ?r= P/P ^ = actual pressure/critical pressure, 

t = Tj/T “ critical temperature /actual temperature, 

M^tnolecular weight, 

R=the gas constant (8.3156 x 10^) 
and V “ velocity of sound in cms. / sec. 

The corresponding value of {Cp-C^) is 

(Cp-C,) = R(i 1-27/16 r'’). 

The derivation of the above factors is given by the Berthclot’s equation of 
state. The details of the calculations of si)eciflc heats from the various factors is 

a 
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given in table 2 . The specific heats observed from the velocity of sound are 
compared with those calculated by the method of Bennewitz and Rossner® from 
the spectroscopic data- These authors found that the experimental results for 
specific heats of organic vapours of nou-linear molecules, containing carbon, 
hydrogen and oxygen, could be expressed by the equation 


(CJ;,.<, = 3R + SatE„ . + ^3n 6 




where = number of valence bonds in the molecule, w = total number of atoms 

in molecule, E and - Einstein’s functions for a given bond with character- 

istic vibration frequencies and 8^. The numerical value of -if for each bond' 
was determined from infra-red or light-scattering data. The values for 8 ^ were 


TAnru II 

Specific Heats of Organic Vapours 



oc 

M 

P. 

t. 

V 

V^M 

RT“ 


j 

7 

i 

j 

c -~c 

V- fi ^ V 

Cp 

obs. 

cal 

Hcnzcnc j 

90 

78. oR 

47.89 

28S.5 

200 

1 . 01/1 

i.o6t 

1.076 

2.248 

— r-* 

25.7 

24*5 


' 1 

II 

11 

II 

20S 

1.120 

II 

1.188 

ll 

j 14.6 

13 7 

Carbon clisul- 

45 

76.12 

72.90 

273.0 

203 

1.1R6 

1*055 

T.252 

2.330 

1 

' 11-9 

10.0 

phide 








1 



II 

II 

If 

II 

216 

1*341 

1 1 

T.41Q 

>1 

8.2 

80 

Ethyl ether 

35 

74.10 

35*61 

193-8 

1S6 

I.OOI 

1.077 

1 .07R 

2.317 

32.6 

29.4 

Methyl 

67 

32.04 

78.50 

240.0 

338 

1.292 

1.034 

1.336 

2136 

8.7 

12.8 

alcohol 








Carbon tetra- 
chloride 

77 

153 84 

45 *fio 

, 2S3.2 

152 

T.2I6 

1.070 

1.301 

2.287 

10.3 

21.6 

1 

Chloroform 

70 

119-39 

53*80 

262.9 

154 

0.992 

1.060 

T .04R 

2.227 

49-5 (?) 

17*3 

Acetone 

58 

58.06 

60.00 

237*0 

2 TI 

0.038 

1.0.4S 

0.984 ? 

— 

- 

19.6 

Ethyl alcohol 

80 

46.06 

62 96 

243*1 

266 

0.966 

j 1-039 

1.004 

2 156 

30.2 

18.0 

Alethylene 

chloride 

43 

84.94 

60.90 

« 

245-1 

17S 

I 025 

1 . 0 S 7 

i 

1.083 

2.230 

294 ( ?) 

13*4 


determined empirically from the experimental values of molecular heats for some 
known substances by a step-by-step calculation. This equation yielded results in 
excellent agreement with their own experimental data obtained by the method of 
continuous-flow calorimeter, and with that of other investigators. In order to 
reduce the values to atmospheric pressur^j the following equation was used ; 
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When allowance is made for the moderate accuracy in the velocity measure- 
ments claimed by Railston and for the lack of exact equation of state* the 
velocity 200 m. /sec. in benzene at qo° and at 46.5 Kc., observed by Railston, 
gives a value of C;; which is in fair agreement with that calculated, and there- 
fore represents the V,, stage. This is also borne out by the velocity measurement 
at audible frequencies. The lower value igSm /sec. observed by Railston at 
97.8 Kc. /sec. is difficult to explain. The value of 208 m./sec. at i8oo Kc./sec. 
gives 14.6 calories as the value of which is in agreement with the calculated 
value from the spectroscopic data by dropping out 7.2 calorics, which is the 
share of the deformation oscillations. 

The velocity 203 m./sec. in carbon disulphide vapour at 97.8 Kc /sec. obviously 
represents the .stage. The velocity observed at t8oo Kc./sec. 216 m./vSec., gives 
8.2 calories as the value of specific heat, which indicates the disappearance of all 
vibrational specific heats from the acoustic cycle. 

The remarkably low values of C;. for methyl alcohol and carbon tetrachloride, 
as compared with those calculated from the spectroscopic data, would also seem 
to indicate a transition to V« and Vj stage respectively in the lower supersonic 
range at lower temperatures. It is interesting to point out that both these mole- 
cules come under the same category as chloroform, ?i‘o-propyl alcohol and /cr/- 
biityl alcohol, which were found by the author to show partial disappearance of 
the share of rotational and deformational oscillations at liigher temperatuies. 

Kthyl ether shows nearly the normal specific heat even at 1000 Kc./sec. 

The calculated specific heats of the other vapours are too high. This is due 
to the fact that at lower temperatures molecules are associated and the Rerthc^ 
lot’s equation of state no longer holds good.. The increase in the specific heat 
with the association of molecules is to be expected. 

The dispersion observed by Railston in the case of benzene is in haimony 
with the findings of Richardson^ who pointed out the connection l)etween the 
strong Raman spectra and Tyndall's scattering of carbon dioxide, nitrous oxide, 
sulphur dioxide and carbon disulphide vapours and their supersonic dispersion 
and absorption. 

Drpahtment op Pure and Appijed Chemistry, 

Indian TNwSTitute op Science, 

Bangai,ore (India) . 
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UNUSUAL SOLAR ACTIVITY 

By MD. SALARUDDIN, B.A., M.Sc:. 

AND 

B. G. NARAYAN, B.Sc. 

Weci'ivcd for pitbUcaliou, Nov. 2i), loy)] 

Plates XX iv XXI 

ABSTRACT. Tlit* paper (k’scribos Ijiieflv the* onlstaiuiTn.^ fi'iilun s (T ;\ urnit pi rsiMctil 
solar activity observed in Kodaikanal. 

Attempts liavc been made to correlate the bri,^lil clintinosplieric eruptions w ith (lie ten es 
trial effects. Tt is sujij^rested that until many more data an- obtained, judgment must he with^ 
held regarding the nature of the relation between Ihc eruptions and terrestrial nia^ueiie dis 
turbances. 

Persistent solar activity was observed for about three weeks coiniiiencing from 
the 2bth August, 1939, and one of its remarkable features was that it was practi- 
cally confined to a /.one in the neighbourhood of latitude 15° in the southern 
hemisphere. The first vSigns of this spell of activity were noticed simultaneously 
with the appearance of the spot group Kodaikanal No. 7152 at the east linil) at 
latitude 15 '"S . This longdived spot group had already gone round the sun twice 
bofore without showing much activity. On the 26tli August, howexer, a nocciihis 
in the neighbourhood of this spot brightened up and showed considerable Dopjdcr 
displacements. The maximum Doppler shift ()l)served in the floccTilns was 2 d 

to red at 8''45”‘I.S.T., indicating a velocity of recession (with respect to the 
observer) of the order of no Km./ sec. A prominence connected with the si)ot 
group was also active and showed a displacement of 1 ^ to violet* On tlie same 
day, eruptions were observed in the neighbonrliood of spot grou])S Nos. 7148 and 
7150, the latter of which was near latitude 15'' S, but the former was in the 1101 tin 
ern hemisphere. 

The spot group No. 7152 continued to be very active throughout its^ passage 
across the solar disc and gave rise to eruptions almost every day. llie mOvSt 
extensive of these occurred on August the 3olh, its area being 500 millionths of 
the sun s visible hemisphere. The region of the spot group was shou ing signs of 
activity even from the morning. A dark marking to the north of the .spot gnmp 
showed displacements of 2 to violet and 2 ^ to led .\t dilleieul ])oints at o 35 
A point to the south of the group brightened up at 9 o but subsided to its 
normal brightness at 1 / 55 '^ But the eruption proper began at 11 ^'30'" and very soon 
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exleiicled all round in long streaks. Its intensity as measured with a graduated 
step- wedge was 3 times that of the undisturbed disc. The eruptive area showed 
good Doppler displacements, the maximum displacement being 2.4 A to red at 
1 1 ^'55’". In the accompanying plate spectro-heliogram i (a) shows the region of 
the siiot group at 8^26”* before the eruption began and the spectro-heliograms 1 (6) 
to 1 (c) sliow the region at tlie lime of the eruption between and 

II ''52"'. 

Another eruption was obseived on September i. Though smaller in area, 
this was very much brighter than that of August 30. The Ha and K spectro- 
heliograms taken before 8^'o"' showed ikj appreciable activity in the region of thb 
spot group and nothing extraordinary was noted bythe spectro-helioscope observetj 
till when suddenly the flocculus adjacent to the leading spot of the group 

brightened up and became eruptive. It soon extended in a narrow column 
towards the east and joined up with one of the following spots of the group. At 
the same time there was another bright column seen starting up froir: one of tlie 
following spots and extending in a southwesLwardly direction. The eruption 
attained its maximum brightness at about 8^'45"' and then the intensity fell off 
gradually, the whole activity subsiding by 9'' 30”'. No Dopi)ler displacement was 
noticeable in the eruptive area but two small dark markings lying to the north 
and south of the spot group showed some displacements. . 

From observations with the spectro-helioscope it was found that this large 
spot group was very active on the morning of the 2nd vSeptember. No less llian 
three eruptions were observed between 8'' 10'" and ii''2o'^' in the large flocculus 
surrounding the spot, the times of maximum intensity for these three outbursts 
being 8''28"‘, iu^'12"* and In this case the eruption obviously took the 

form of a series of brightenings of different parts of the flocculus. 

A very bright eruption occurred in the same region on September 6. The 
erujffion began at S'' 17"^*, reached its maximum intensity at 8'' 27'" and faded away 
at about o'' o'". Doppler disiffacements of 1.0 X to violet at 8''i7”' and 2.0 A to 
red at 8'' 30'" were noted in the rcgioji by the spectro-heliOvScope observer. 

The spot group gave rise to active and metallic prominences at the west limb 
on the 7tli and 8th September. The spectroscope showed miost of the lines 
belonging to sodium, iron and magnesium usually observed in the prominences. 
Doppler displacements of about 2 A to both red and violet were obsei ved. Photo- 
graphs of these prominences in calcium light taken on the 7th and 8th September 
are reproduced here in figures 2 (a) and 2 (b) respectively (see plate XX) . 

Two other very active spot groups that crossed the sun's disc during the 
period are the Kodaikanal Nos. 7157 and 7159. These spots were also situated in 
the neighbourhood of latitude 15'' in the southern hemisphere. The spot No. 7157 
gave rise to an eruptive prominence on September 1. The prominence was not 
visible in the earlier photographs but suddenly appeared at about 9''o'" and 
showed extraordinary activity, attaining a height of more than 4' (perhaps 5 
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which is equal to 317,500 Knis.) diiriug a very short time. The prominence was 
metallic and all the lines usually observed were seen in the spectroscope. Tlic 
maximum displacements observed in the prominence were 6 ^ to red (velocity of 
recession 275 Km. /’sec. and 9 ^ to violet (velocity of approach 110 Km. /sec.) at 
9''25'''. The prominence completely disappeared at g'‘ 5 s"‘. 

A number of eruptions were also associated with the spot group No. 7759 
and as many as three of these occurred on the morning of the 0th September 
alone. The first one began at S'' 52'". attained its maximum brightness at 
and subsided by 9''o’'‘. Another eruption was observed to begin at (i''2S"' and it 
lasted till g''-^lo"‘ reaching its maximum intensity at The third eruption in 

the same region, which was the brightest of all, liegan at g'hl.'i"' though it 
attained its maximum intensity at 9'' 50"' did not subside till two hours later. A 
series of 21 spectro-heliogi'ams of this eruption was obtained in IK light and the 
more important ones are reproduced in figures 3 (a) to 3 (c) (sec piatc XXI). 

Apart from these eruptions, the other important iihenomcna noted during the 
period are the breaking ui< of IK dark markings. Instances of breaking up of 
markings were observed on the 26th August and on the and and rath vSeptcinber. 
'file last of these was remarkable in as much as a big marking, which was seen for 
a number of days, completely disappeared in a very short interval. This marking 
is shown by means of an arrow head in the siiectro-hcliogram figure (a) taken at 
8 '‘t 7"' on September 12. It is seen that the northern end of the marking is 
connected with the spot No. 7157 , flie other end of the marking establishing a 
contact with the spot group No. 7159- Nothing special was noted in the marking 


till about 9\32’", when suddenly the end of the marking close to the spot group 
No. 7159 began to show a displaceineni of about 1.2 X to violet indicating an out- 
ward rush of matter from one of the spots of the grou[,. At the 

same time a displacement of I'o A to red in the portion of the 

marking about the middle, i.r., ueare.st the west limb was observed 
indicating that the matter coming out of the spot was moving towards the limb. 
The displacement towards red gradually increased and was about 2 5 A at g'Ks"'- 
A streak was clearly seen starting from this point of the marking and advancing 

towards the limb giving rise to a prominence which is reproduced here in figure 

4 (b) The maximum height attained by the prominence was about 3'. Perhaps 
its height was actually much greater, but it could not be measured as the top 
was cut off in all the three photographs taken that morning. After a short tune 
the prominence as well as the dark marking completely disappeared- As can be seen 
from the spectro-heliogram figure 4(c) taken at io"26 . there xsno trace of the dark 

marking, but on the other hand there is a bright marking exactly in the same 

place where the dark marking was before. The bright marking is clea.l> the 
base of the prominence that disappeared and is a good example m support of the 

conclusions arrived at in a previous bulletin^ that the lowest partsof a prominence 
being much brighter than the surrounding disc show themselves by emission, and 
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that only the hit>her portions of a proniincnce show themselves by absorption on 
the flisc. 

Tt is a well-known fact that photographs of the sun's disc taken in mono- 
chromatic li^>ht show decided contrast between the intensity of a sunspot and 
that of tlic surrounding region on the disc. If it is assumed that these brilliant 
chromospheric outbursts are associated with exceptionally high temperature, they 
should show themselves conspicuously in the monochromatic images taken at the 
time of their occ urrence. Photographs taken at this observatory on several occa- 
sions in regions free from absorption lines fail to show any images corresponding 
to the erLif)tinns shown in the photographs taken in Ha line or the line of calciuip. 
It seems therefore reasonable to conclude that the active agent producing bo^li 
the eruption and the observed terrestrial effects originates in layers lower than tljjC 
clironiosphere, below^ the eruptive patch. ^ 

Correlations between solar eruptions and disturbances in terrestrial magnetic 
elements have been cited by A. O. McNish^ wdio found that the magnetic distur- 
bances produced by the chromospheric eruptions are unique and that in almost 
every case they arc augmentations of the normal diurnal variations in geomagne- 
tism. Although the persistent activity with frequent appearance of unusually 
bright and extensive eruptions mentioned in the present study exten- 
ded over several days, Alibag magnetic records did not reveal any magnetic 
disturbance of sufficient importance. It would appear that the connection between 
the eruptions and the magnetic effects is not a simple one and there is need for 
further careful studies of the diurnal variations accompanying solar out- 
bursts. 

It has not been possible to study the connection between these solar flares and 
the associated radio effects, as continuous series of daily records regarding the 
behaviour of the ionosphere are not available in India. 

In coiichision the authors wish to express their thanks to the Director and 
Assistant Director for their helpful criticisms and suggestions* 

Thk SoIvAr PhysiCvS Observatory. 

Kodaikanab. 


R B F E R B N C R vS 


^ T. Rovds, Kodaihafwl Observatory hulleiiv No. 8g. 

* A. O. McNi.sh Phys. UeiK, 62 , 155-160 (iQ57)« Cinquleme Rapport de la Commission 
PourL'ictnde, pp. 105-T10, 1Q3S. 



SALARUDDIN & NARAYAN 


PLATE XXI 
















On the Origin of Colour in Paramagnetic 
Salts and Solutions 

D. M. BOSE. 

T have to thank the mcmhers of the Indian Physical Society for 
electing me your President. I Jiave been olficially connected with Uic 
Society since its foundation in 1935, and it is an honour which 1 greatly 
appreciate being asked to preside over the affairs of tlie Society. 1 j'ogret 
very much t.hat prcssiu'e o( other work pi'evcnts me froiii coming down to 
Madras and attend this annual meeting of our Society. 

You liave before you tlie report presented by the C(juncil on ilie work 
of the Society during the past year. We have reason to congratulate 
oirrselves on the satisfactory progress we have achieved during the live 
years of our existence, but we are aware that there is room for further 
improvement, in increasing the membership of the Society and also in 
making the latter more adequately represent the interests and activities 
of the physicists in India. The. Council invite your suggestions and 
co-operation in achieving this aim. 

Mention has been made in the annual report of the very interesting 
lecture on Cosmic Kay which Crof. Millikan gave before a meeting of the 
Indian Physical Society. Wc cordially welcome the iiresencc of the 
distinguished physicist and his co-workers to this country, and we look 
forward to a very successful outcome of the investigations undertaken liy 
thorn hero. 

The visit of these scientists to India, has raised in our minds the 
question of the possibility of locally initiating Cosmic Kay investigation in 
this country. India is surrounded by high mountains, and it will not be 
difficult to install permanent observation stations at altitudes up to 14,000 
ft., which arc not very far from centres of electrical and mechanical power 
supply. Further the extended land area and the favourable meteorological 
conditions during certain parts of the year, make this country specially 
suitable for balloon flight investigation. The Indian Meteorological 
Department is giving valuable assistance to Prof. Millikan and his party 
in their*invcstigations, and we hope later on the same help will be available 
to Indian physicists when they take uji this line of work. Scientific 
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worktTH in India liave made valuable contributionH to the sciences ot 
{^^codesy, Jiieteorolofjy and recently to onr knowledge of the ionospliere. 
We look forward to a time when equally important contributions will be 
Jiiadci from this country to our knowledge of the Cosmic ]iay jdienoinena. 

It is customary at such annual gathering for your president to 
deliver an address on some topic selected by him. A certain amount of 
latitude is given to liim, and after some hesitation 1 have decided to place 
before you a connected account of a subject in which I have been interested 
for several years, it is on the origin of colour in paramagnetic crystuls/ 
and solutions. The reason for my hesitation is that the President of theJ 
Physics secliion of the Indian Science Congress, who is an authority on 
the sul)]cct of crystal magnetism will probably deal with the subjecl. of 
crystal magnetism in his presidential address, and tliere may be some 
overlapjiing between tlie subject matter of his discourse and mine. Still 
] hope I may be aide to present you with a different way of ai)])roaching 
the investigation of the crystalline field jiresent in paramagnetic crystals 
and solutions, whose influence is felt in diverse subjects like paramagnetic 
Busceiitibily, anisotropy, paramagnetic rotation and even colour. 

Jn my address I shall first discuss how the concept of a luolticular 
field, which is of electrostatic origin, arose gradually from a study of 
paramagnetic susceptibility, then how an elegant analytic method of 
investigating tliis crystalline field was devclo])cd by Pjethc, Van Vlock 
and his fellow workers. Next it will be shown how a test of the optical 
consequence of Van Vleck's theory was undertaken l)y a study of the 
band absorption in paramagnetic crystals and solutions. Such a study 
led to the projiosal of an empirical formula which appears better to account 
for the Stark splitting resi)on8ible for the absorption bands in these 
paramagnetic substanceB A theoretical deduction of the empirical formula 
is given, which j)ormits of a fairly approximate calculation of the number 
and frequencies of the absorption bands in terms of the known constants 
of the parainngnetic ion and of the associated dipole molecules. 

The discovery of the law of temperature variation of jmraniagnetic 
susceptibility is due to Curie’s investigation with oxygon, when it was 
found that ^ 


X-- 


C 

T 


where X is the molar susceptibility. 


The theoretical interiu’etation of this relation was given by Langevin, 
who assumed that each oxygen molecule was the seat of a j^ermanent 
magnetic dipole of jnoment m. Langevin found that in a not too intense 

XT 2 

magnetic field X = ; i£ we further take into consideration the tempera- 
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ture independent susceptibility observed in many substances, wliieh are 
partly of diamagnetic and partly of paramagnetic origin then 


X 


NM-- 

3/cT 


+ N« 


( 1 ) 


Weiss investigated the temperature dependence of tln\ paramagnetic 
susceptibility of crystals and solutions, and showed that over fairly large 


ranges of temperature the Curie 


law in the modified form 


X -t: 


C 

t-a 


holds. Weiss interpreted the correction factoi- A ‘‘iw due to the presence 
of an inner magnetic field of molecular origin. It was 1 iobye. who first 
showed that this molecular field was most probably of electrosliutic origin. 

The next line of investigation which again pointed to the |)rosence 
of this crystalline field began with the (piantum theory iiiterpretation of 
the origin of the magnetic moment P' of the ions. According to the 
(juantiun theory the magnetic, moment of a free ion with inner quantum 

eh 

number / is where P— is the llohr’s unit of magiuitic moment. 

This value of is not a constant, but depends upon the state of excitation 
of the ioii. If the energy difference between the ground and the c.xcited 
states of the ion is large compared to /rT then the ions at the tomjieraturc 
T are all in the ground state, and in a field of strength H the ‘2/+1 fold 
state of degeneracy of the ion is removed, and the average moment of the 

ion is 1^ = '' OXy + l ) 


'J.’his relation first deduced by Hund was well verified in the case of 
the ions of the rare earth elements, viz. the experimcnlally determined 
values of ja agi-ecd well witli those calculaled from specti-oscojiie data. 
When the same formula was tried to account for the measured magnetic 
moinents of the ions of the iron group of elements, there was a total lack 
of agreement. It was pointed out by me in 1927 that the magnetic moment 
of a large number of simple and complex com])Ounds |of the iron grouj) ol 
element could be explained on the assumjition 'that the orbital moments 
of these ions were com|)letely quenched by the interaction with its 
neighbouring atoms in solids and solutions, so that the spin moment of 
the ions were alone free to orient in a magnetic field. 

This leads to the formula 


X = 


4S(S+I) 


N|82 


(2) 


In deducing the formula the analogy of the quenching of th<t tempera- 
ture -variation of dielectric polarisation on solidification, ohseiwed in polar 
liquids, was used. 
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The investigation of the mechanism of the quenching of the orbital 
moment of ions in paramagnetic crystals or rendering them partially 
ineffective was the starting ])oint of a series of important communications 
by Van Vleck and his fallow workers. 

Van Vleck’s Theory. 

We have seen that the 2j + l fold degeneracy of anion is totally 
removed by an axial magnetic field. If the ion forms part of a crystal, then 
duo to the regular arrangement of other ions and atoms round it, an 
electric field of a given symmetry acts on the ion and thereby either 
partially or totally removes the degeneracy of the orbital moment of the 
ion, depending upon the symmetry properties of the crystalline field. Thus 
a Stark effect separation of the degenerate state of the ground term of the 
paramagnetic ion is ])roduced. On the inagnitude and degree of this 
separation will depend the future behaviour of the paramagnetic crystal 
in a super[joscd magnetic field. If the separation is sjuall compared to the 
multi))let separation of the ground term of the ion, and also to the latter’s 
spin orbital coupling, the inner quantum number of the ion retains its 
significance and Hand’s formula will fairly represent the tcuqierature 
variation of the susceptibility of such crystals. This is the case with the 
rare earth crystals, in which the incomplete 4/ shell responsible for the 
paramagnetism of the rare earth ion is inside the 5t>,p octet shell; the latter 
shields the former more or less effectively from the outer crystalline field. 

In the case of the salts of the iron group of elements the 3d shell is 
the carrier of the paramagnetic effect and is fully exposed to the crystalline 
field. If the potential energy of the latter is large compared to the energy 
of the spin orbital coupling A(LS), then the latter breaks down and a 
Stark effect splitting of the L moment of the ion takes place, since an 
electric field has no direct effect on the spin moment. 

Bethe in 1929 published an important investiga^on on the Stark 
splitting of the ground term of ions with S, P, I), F orbital quantum 
numbers. For example in a field of cubic symmetry the T) term is split 
up into two com])onents F;, and F- the former is doubly degenerate and 
non magnetic, and the latter triply degenerate. The F term is split into 
three components F^jF^ and F^ of which Fg is non degenerate and non 
magnetic, while the two others are both triply degenerate. In a rhombic 
field, all the degeneracies of tlie ground term are completely removed. In 
a magnetic field, the spin and orbital moment of the ion will, upto the 
factor of spin orbital coupling, be free to orient independently — the orbital 
moment so far as its degeneracy has not been removed by the crystalline 
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field. Many of tlio parauiagnetic salte like chrome alum belong to the 
cubic system, while in the case of others belonging to the hydrated crystals 
of the rare earth group, it is found that it is sullicient to take a predomin- 
antly cubic field. Sucli a field is however noi. ca[)able of accounting for 
the observed paramagnetic anisotropy of the hydi'ated crystals containing 
Co^ Ni' ^ and Cu^ ‘ ions. Penney and Schlapp suppose that an 
additional field of rhombic symmetry of low intensity is superposed on the 
dominant cubic field in these liydratcd crystals. While in the ease of 
certain other paramagnetic Alunis Van Vleck has assumed the cxislenee 
of a small trigonal field. The most general expression for tlie energy of 
an ion in a superposed crystalline and magnetic field of strength II. is ; 

V - +7/,^ +^V’) + Arr + B?/,— (A + B 

+a,(L. s)+^n(ij+‘2S) ••• ■■■ (3) 

where a;, 7/j and Zt, represent the coordinates of an electron in the d -shell 
of the ion, and the summation is over all the eleeirons ])resent in the 
latter. The first term represents the dominant ciiliic. field, the second 
represents the rhombic field, A ir the constant of the s|)in orbit intenudion. 

.Fig 1. gives the term levels for the D and P ions. 


(a) F-ions {h) D-ions 



Fio. 1 

(Upright in Ni *• ^ , inve-rtod in Co^ +) (Uprigiit in Cu ’ • , inverted in r'o ' ' ) 

We shall first consider the conditions under which a jiaramagnetie crystal 
will have a spin only value for its susceptibility. Tliey are : 

(i) the ground term is non degenerate and non magnetic like To of F 

(ii) the crystalline field is essentially cubic 

(iii) the distance between the ground and the ujiper terms is very 

large compared to Z:T. 

(iv) the spin orbital coupling is negligible and 

(v) the magnetic moment induced in the ground slate a by the 
higher energy states like k which is of the form 2F1 h,^{ka) 

negligible. 
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(jhrome alum is found to be magnetically isotropic with a magnetic 
susceptibility almost perfectly represented by formula (2). Penney and 
Schlapp find that the susceptibility is better represented by the formula 
15N/?*' 

H/cT 

orbital interaction. 

Next we consider the case of the Nickel salts. Their susceptibility 
eg. of the hydrated sulphate is greater than the spin only value, and its 
magnetic anisotropy is about 80 per cent. Here it is assumed that the 
term sequence is the same as that in the chromic salts, only the separa- 
tion is less, and there is a small rhombic field. Tn this case the induced 
magnetic moment due to the interaction with the triplet terms of J'-, and 
F4 are comparal.ively large, and we have a temperature independent 
susceptibility which is dependent upon the direction of the magnetic axis. 
Therefore the value of the induced moment is different along the three 
magnetic axes of the crystal, and this is the origin of the anisotrojiy of 
Nickel salts. 

Penney and Schlapp have calculated the splitting of the F term in 
the cubic field and obtained the following values of the 8 Stark terms 0, 
8 and 181 )</ where q is the multiplicative factor of D in equation (8) 
for a system of n electrons. 

The value of X the mean susceptibility of Ni' ' is found to be 


/ 2a \ ^ 

correction term represents the effect of spin 





/cT) («, + « .) j 


where O' ,, and a., arc certain constants, proportional to the intensities 
of the rhombic field along the three magnetic axes. 

Comparison of this expression after certain siniplications, with the 
magnetic data enables the values of Hq to be calculated, which comes out 
to be !l 485 cm~' for Ni'' ' salts and 8730 cm~'forCr'^\ A knowledge 
of these constants enables us to calculate the Stark term scjiaration for the 
F ion, they come out to be of the order of l0 ’cm“'. 

Now Co' ' {d'^ •‘F) has the same orbital term asNi^' (d” '*F) and 
carry the same ionic chifrge, but they differ greatly in their magnetic 
properties, viz. the susceptibility of Co^'' shows a very large deviation 
from the Hose Stoner value, and the anisotropy of hydrated cobalt sulphate- 
crystal is about 70%. Van Vleck shows that from theoretical consideration 
the term level in Co' ' is inverse to that in Ni^ ' so that the ground term in 
the former is the triply degenerate 1\ with a residual orbital moment. 
The contribution of the latter accounts for the larger deviation from the 
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B])in only value of RURce])til)ility iu (•.ol)alt Balts. ARHuiviint^ the c.xiBtnee of 
rhombic field, 7'^ is split up into three sub IcvcIk, and then the larf^e 
anisotroj)y in Cobalt saltR can at IcaRt be (pialitativcly intei'[)rete(l. 

8o far nothing has been said of the way In which the triply degener- 
ate 1\ and I’r, levels can be sjdit up. We find that more delailed Rpcci- 
fication is necesRary to account for the spin only valiioH of the paramagnetic 
RUHceptibilities of the alums of Vanadium and 'ritaniiim. 'riiis is only 
])OBBible if the ground terms of both these ions arc non degenerate and also 
non magnetic. 

In Table 1 are. given the various I) and ions and how they s))lit up 
into u]u’ight or inverted terms in a c.uhic field according to Van A'^lec.k’s 
classification. The general principle underlying this tabulation apiiears to 
be that pairs of ions with the same orbital (piantum number, the simi total 
of whose d electrons are. either 5, Ih, or 15 have opposite seipienccsof term. 

According to this Table the ground term of Ti ' ' is d' -1.) and of 
y-i* is (pJ both of which are trij/ly degenerate ; and as such their 

magnetic susceptibilities ought to diwiatc largely from the spin only values. 

Tarle T. 


lorn with T)-term : dons with F-icrni 


Ion. 

Tlit'.oretical.’' 

Ton. 

'J’heorotical " 

Ti^ ' ' 

Tiivcrieil 

y. . 1 

Inverted 

Gr ' ' 

Upright 

Or ' ‘ 

TIpriglit 

Ffi ^ 

Inverted 

NL- ^ 

do 

Cu^ ‘ 

Upright 

(MoO) ' ' ' 

(WO) ' ^ 

Inverted 

do 

Go^ ' 

1 Inverted 

i 

Ce ' ' ' 

do 



1 


To account for the spin only value of magnetic siisccptibjhty ol these 

alums the following assimiptions are. necessary. 

(i) that in these alums a field of lower symmetry than cubic exists in 

which the triple degenerate ground term and L\ are split up. .Ihis 

assumption was not necessary in the case of (Jhrome alum since the lowest 

level in Cr' ' ' is the non degenerate I\,. 

(ii) that in both cases the lowest of these terms is non-magnotic. 

It the loweet tern, ie nen-dcgcorale hut ha« an orb.lal ent then ,n the 

expresBion for uiagnetio nuHceptibilily » term independent el toi.ipeiutuie 

is added. _ - ,~ 

* As given by Van Vleck. 
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1. Van Vleck bIiowb that in the alums an additional field of trigonal 
syinmetry exists, which arises as shown by X-ray analysis from the fact that 
the principal axes of the unit cell round each paramagnetic ion do not 
coincide with the principal axes of the octahedral arrangejnent of the six 
associated water molecules. The Htark splitting in a trigonal field of 
and term is shown in fig. '2. 



Fig. 2 

(Tlio Kiilittijig of ii triply dcKonoriito cubic stuto in a trigonal liolfl. The two couiponoiitH 
of E n oincide unless magiiotiu forces arc applied). 

2. Siegert has shown that in the most general type of trigonal field it 
cannot he expected that the non degenerate orbital level will be the deepest 
both for Ti ^ and V’ ' \ Under some special type of potential function 
for a trigonal field will this arise. 

The general formula of the alums is AMc (SOj,);i, I 2 JI 2 O where A is 
an alkali atom, Me is a trivalent atom. In the paramagnetic alums eacli 
])aramagnetic ion is embodied in an octahedral arrangement of six water 
molecules, round which the ions, tho remaining H.jO molecules and 
the alkali atoms are grouped. 

Van Vleck assumes that the cubic part of the field arises frojii tho 
action of the six oriented dipole water molecules round each paramagnetic- 
ion. Penney, Schlapp and others have calculated tho value of Dq for the 
paramagnetic ions Cr ' ^ , Ni’^ ' , Cu^ the value is found to vary from 
1480 to 3780 cm“'. Van Vleck assumes a reasonable value Dgf = 1500 
cm and from it he finds that the dipole moment of the oriented water 
molecules. In this theory the effect of the polarisation of these molecules 
due to the charge on the paramagnetic ions plays no part. 

From calculations made by Penney and Schlapp, in a cubic field a F 
ion is split fip into three Stark levels with separations SDry and ISD*/ for 
the upright ions like Cr*^^ ' and Ni^^and 10 Dq and ISDg for inverted ions 
like Co^ ' , while for a D-ion like Cu^ ^ the separation between F^ and F, 
is lODg. 

Having obtained a clue of the origin of -the cubic part of the crys- 
talline field, Van Vleck proceeds to evaluate the splitting of the doubly 
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degenerate I and the triply degenerate terms and Fr, in the trigonal 
field. According to him the latter arises from 

(i) the direct action of the distant atoms i.e., those beyond the six 
associated water molecules 

(ii) the indirect action of these distant atoms on the associated water 
moleculcB, the latter become somewhat disturbed from their normal 
octahedral arrangement 

(iii) the Jahn-Teller effect — which states that tlie most stable 
arrangement of a polyatomic molecule is always sufficiently nn symmetrical 
to lift tlie orbital degeneracy which may be present in the central atom. 

Calculations made by Van VIeck show that the total splitting pro- 
duced by this trigonal field is for V ' ' ion (/', term) from 400—8110 cm'^ 
and the Ti ' " ' ion (/'^ term) from 1450 — 2200 cm~^, a(‘-cording to the 
special assupmtions made. 

Optical Test of Van Vleck's theory. 

In fig. 13 is given the enejgy diagram of tlie Stark splitting of the 1) 
and F ions due to a combined cubic and trigonal fields as present in tlie 
paraniagnetic alums. Jt will he seen that in all hydrated paramagnetic 




Z>- term 


. ;3 


Dq ITiOO cin“^ acoonling to Van VJrclt 


crystalB the eeparation between the Stark levels is of the or<ler of 10+ 
cm-i • transitionH between them will produce absorption and cnussion 
epectr’a lyin^ between the infra red and ultra violet refrions and as such 
can be capable of optical verification. Another consequence of the theory 
is that according as the Stark levels of tlie ions are u,, right or inverted 
the highest absorption bands will show a doublet structure or a singlet 
structure. The latter will be a little complicated by the superposition 
of the spin orbital coupling. This will be specially noticeable in the 
absorption spectra due to Co- and Ni- ions. The inve.stigation of the 
optical consequences of Van Yleck’s theory has been undertaken by 1 . C. 

2 
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Mukherji and niyHelf')^), the resultB of which arc given in two papers 
recently published. The conclusions drawn by us are that (i) Van Vlcck’s 
theory is unable to represent the number and frequencies of the principal 
abKorj)iion Ijands ; (ii) on the other hand the doublet separation shown by 
some of these bands agree fairly well with predictions made by Van VIeck 
for the [)a)amagnetie alums ; (iii) the structure of the absorption bands to 
a large e.vtent do not conform to the classification by Van VIeck into 
upright and inverted Stark levels. In the first paper') we have i)roposed an 
empirical formula which appears to us to give a better rejnesentation of the 
number and fre(jucncies of these absorption bands, and we have discussed 
the assumptions on which such a formula could be based. In a subsequent 
paper") I have attemj)ted a theoretical deduction of this formula. 

Ilefore proceeding further it will be desirable at this stage to say a 
few words about the general nature of the absorption bauds shown by 
hydrated jiaramagnetic crystals and solutions. Most of them are coloured, 
with one or two absorption bands in the visible part of the spectrum. In 
those crystals and solutions whose infra red absorj)tion spectra have been 
investigated like tliose of Nickel and Cobalt, we find absorption bands in 
the neighbourhood of 1.2/*. Borne of the absorption spectra like tliat due 
to Cu' ' show a single broad absor)»tion band, others like that due to Ti' " ' 
show a doublet structure. Under large dispersion the absorption bands 
due to Co' ' and Ni ' ' ions appear to consist of a number of fine absorption 
bands. We shall for the present confine our attention to the mean frequen- 
cies of tlie broad absorption bands and of their prominent doublet 
structures. 

The position of the absorption bands arc dependent upon the nature 
of the solvent in which the crystals arc dissolved, e.g. water, ammonia, 
alcohol, etc. It is assumed that in such solvents they form hydrated, 
aumioniated, alcoholated complexes, and the change in the position of the 
absori)tion bands in these solvents is to be attribiited to the different 
strength of the crystalline fields which the associated water, ammonia, 
alcohol dipole molecules exert on the central paramagnetic ion. From a 
study of these principal tfbsorption bands we find that the following 
ciupirical formula fairly represent their number and frequencies. 

Av — ne. I ACu I .C.P. ... ... (4) 

The assumptions \mderlying the above formula ai'e that 

(i) the ionic charge Jie in a paramagnetic ion induces a polarisation, 
proportional to P in the associated dipole molecules 
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(ii) in tlie electric field due to the polarisation of the dipole 

niolecules, the paramagnetic ion which has an electric nu)ment 
proportional to its orbital quantum number Tj, can occupy 
L + 1 discrete energy levels each characterised by an electric 
quantum number such that o'r L 

(iii) transitions between the ground term and the Pj upper levels 

will give rise l.o L absorption bands, whose frecpienc.ies an', 
given by formula (4) 

where C is a numerical const ant 

P, as we shall sec later, is dejjcmh'nt both on the 
di])olc moment ja and the ))olarisabihty 7 of tlie 
associated dipoles. 

Home of the consequences of this formula which can l)e vtu'ified are : 

A. For the same kind of associated dijiole molecules, e.g., water 

(i) For the same ion the ratio of the absorption freipicncies will 

be as 1 ; 2 for P-ious 

1 : 2 : b for T*’-ions 

According to the theory of cubic splitting the frecpiency ratio will be 
for F ions either 8 : 38 or 10 ; 18 according as the term seipiencc iii the ion 
is upright or inverted. 

(ii) For the]) reap. F-ions, the separation of the corres]ionding 
bands in different ions will be as nc ; for doubly and tri|)ly cJiarged ions 
the ratio will be as 2 : 3. 

(iii) For the different ions 

K' = ccP = -- ^ ought to come nut as a constant. 

n. A Cl 

B. For the same ion associated with two different kinds oi dipole 
molecules like water and aiiinionia, the ratio of their absorption fjcipicnouis 
will be proportional to their polarisability, i. e., 

~ A 

In Tables II, III are collected the data for the known absorption 
hands duo to paramagnetic ions with D and V orbital numbers. It will be 
seen that the conclusions (i) and (ii) are fairly verified, while the values of 
(e. C. P.) for D term varies between 2,580 to 3,380 cm > with a mean value 
of 2,950 cin ^ which is fairly good. For the F terms the agreement is not 
BO good, the value of the constant varying from 2,040 to 4,130 cm" ' . 
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* The doublet band is perbapB due to Cr.""" t This is discussed in detail later (see Table III), 

I Loc. cit, I § Loc, cit. 

1! Dissert, Mivnster (1923) ^ ZeiU.f. Phys. xl. p. 714 (1927). 

Zeits. f, Phys, Chem sxxvii. p. 37 (1937). 
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Table IV. 


Xj round Htate of the ion 
JV^ifcato 


F-i^tatc 


G. or H state, 


Substance. Centres of selective absorption 


CuSO., ’511,0 12,297 cm. ^ 

rCu(NJl3)4]Cl.JT.,0 14,160 „ 

Itatio ’87 


Ratio' 


RnH;, 

rn,o' 


.[0r(II,,O)„]Cl, 

LCr(NH,)„]Cl„ 

[NilNII,)..]Cl. 

[Co(lI,0),;|Cl.., 

[CoiNH,)„lCl:, 


18,200 cm. ' , 24,100 cm. 

21,R00 „ , 23,500 „ 

Ratio -85 ’85 

8,497 cm. ’ , 15,370 cm. ' , 25,510 cm. ' 
10,804 „ , 17,200 „ , 27,900 „ 

Uatio..'79 -89 ’91 

16,340 cm.-’ , 25,C00 cm. ’ 

19,460 „ , 28,050 „ 

Ratio ‘84 '87 


In Tabic IV is given the ratio of the frequencies of absorption of the 
same ion when associated with water and aninionia dipoles. The value of 
this ratio varies between ‘79 to '91, while according to the theoretical 
formula to be deduced later this ratio is '78 for I) terms and '74 for F'terins 
(seep. 15, formula (()) ). We may consider the agreement as fairly satisfactory. 


We shall now briefly indicate the theoretical deduction of the 
em])irical formula given above. It is assumed that round each paramagne- 
tic ion six dipole molecules are completely oriented, occupying the six faces 
of a cube at distances It = UA”. The intensity of the field at the centres of 

nc 


these molecules is E: 


Under the action of this field, the axis of each 


of the dipoles will ])oint towards the ion, and also a polarisation yE will be 
induced on each of them. The combined effect of these two for each 
di))ole will be a field of intensity F at the centre of the ion where 


_ 2/v ^yne._ 

its 

The resultant field due to the six oriented dipole molecules can be 
written as equal to CF. It is difficult to calculate the value of C j we shall 
determine its value from ex])erimental data. Apriori it can be seen that 
C < 1, due to the fact that the fields of the six di))oles acting on the central 
ion, will to a large measure neutralise each other. We assume that the ion 

has an electric moment proportional to the orbital number E, and the 
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enerffy of orientation of tlio ion in tlie field of a siuffle dipole molecule is 
taken to be 


d!W - . C. 1<\ 

li J j 


If the fre(|ueiiey of absorption due to a transition from the ground tenn is 

A W ’ 

A then Av = = -j''. I A Cl I .C!. 7ie J’ ■■■ ... (f)) 




Jfroin experimental data we find that 



indej)endenli of Jj and 


wi' sliall 


put M|'' — c. c. L, where r is the mean j'adius of the thnu; quantum 
flydroj^en like ion with charge iic. 

We shall determine the value of (1 from the absor])tion dal.a lor 
Ti ' ' ‘ ion. 

We take n -'A ; r -- J ‘OH x 10“''^ cm. approximately and it is foiiixl 
X 10 

The ealculateil value of A v — ('. O-I.O X 10 ’ cm“’ 

While the observtul value = I7'8 X JO ’ em~'. 

So that, C -- which appears to be. (piite plausible. 

We shall next proceed to deduce a result of which we have, previously 
made use, vi/.., we shall determine the ratio of the absorption frecpiencies, 
when the same jiaramagnetic ion has either watcu’ or ammonia jjioleciiles 
associated with it. The raticj comes, 


I' + 

ji-g) ^ ^ 

V 27t.,T.,C 


‘iM-i 

1^' 

1V’> 


for water — 1.H4 x 10 ' ' ^ 
y,=1.4lJx 10-'-’' 
(()) ; for ammonia ~ 1 .40 x 10“ ‘ 
7., ==2.20x10--' 


Taking 11 = 2 x lO"" cms. the value of this ratio comes to be 0.78 for 11 ions 
and 0.74 for F ions ( see p. 14 for verification ). 
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I liope the above di«cuBBion will eonvince you that we have a fairly 
watinfactory l)aHis for a theory of the origin of colour shown by hydrated 
paramagnetic salts and solutions. I will not overtax your attention by 
discussing the rough model on which I have made it plausible why the 
(juantum number L is restricted between 0 and L and not between ± L. 

Tt is useful at this stage to compare the two different methods of 
approacli adopted by the school of Bethe and Van Vleck, and by the 
present writer. In tlie former from the consideration of symmetry an 
analytic expression for crystalline field which is suited to account for the 
paramagnetic phenomenon is deduced and by n}ethods of grou]) theory the 
number of Rtark levels are calculated and their relative separation expressed 
in terms of an undetermined constant J). The latter is determined from 
the temperature variation of susceptibility or paramagnetic anisotropy of 
these (crystals. Then by choosing a suitable mean value for this constant, 
it is found that tlie crystalline field is alone due to the di[)ole moment pi, of 
the associated molecule. The effect of the central charge oie of the 
paramagnetic ion and the polarisability of the associated molecule jilay no 
])art in the theory. This theory cannot, therefore, explain the greater 
frequencies of absorption in ammoniated as coinj^ared to the hydi'ated ion, 
since q iior the dependence on the ionic charge. While in 

our method of approach we have started with the scrutiny of experimental 
data and shown how they can be best fitted to an empirical formula, of 
which a theoretical deduction is next attempted. 

I next propose to show how the splitting of triply degenerate terms 
Fa and F^^ in paramagnetic alums as calculated by Van Vleck can be 
experimentally verified. 

Doublet structure of the bands — In Table V have been collected the 
doublet Reparation for the principal absorption bands for D and F ions. 
It will be noticed that the doublet separation lies within the limits calcu- 
lated by Van Vleck for the splitting of the D and F terms. As some of 

TabJjE V. 

F-terrn Ions. 

y.f —869 cm."' 

669 „ 

608 „ 

874 „ 

Co ' ^ — 750 cm."^ 

' no structure lor Ihe highest 
absorption band. 


Ti" * —2886 cm.”' 

Cr+^ —2430 „ 

^ —1180 „ 
(MoO) • — 1277 „ 

(WO) +"^-2380 „ 

—2400 „ 


D“tcrm Iona. 
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the data contained in ihti above tables are taken tVoiii al)sorpti()n dabi for 
hydrated crystals and ))art]y from ])arama^neti(*. solutions, we may conclude 
that some or all of the factors which aceordiu;^ to Van Vleck produce l.lic 
trigonal field in the alums are also effective in other hydrated c;rystals and 
solutions, further discussion of these results are given in our second 
paper. Another interesting conclusion, which ciui be drawui from the line 
structure of the alisorjition bands, is on the sccpience of the Stark siihtt ing 
in the ions responsible for them i.o. whether the splitting is upright or 
inverted. C 

In '^Fable VJ arc collected the data of the Stark level se(iu(Ui(H's in 
different 1> and F ions as calculated l)y Van V^leck and as deduced from 
absorjition data. It will be seen that in most of tiuun \ban Vlcck’s se(]uence 


VI. 

Ton ft joith Dnmn : 


! 

Ton. j 

TJn'oreliical.' ^ 

i 

I 

Observed j 

Ti ^ ^ 

Inverted 

Upright 

Cr^ ' 

[Ipright 

I 

Upright, ' 

Fe+ ' 

Tn verted 

U pright 

Cu' ‘ 

Upright 

Inverted 

(MoO)^ ' ' 

Inverted 

Upright 

(WO)+^ 

do 

do 

Ce ' ^ ^ 

do 

inverted 

Itnis with- F-terni : 

yd t I 

Inverted 

! UpriBbt 

1 

Cr'--^ ‘ 

Upright 

do 

Ni+ I + 

do 

^ Invertial 

Co ' + 

Inverted 

1 

Upright 


liomiiritK. 


Oh.servc'd in IT('l Roliiiion of 
TiCJ)',, wliicli may luarl im an 
inversion of IoviSk. 


'J’riplct obKorvetl diif* to Ukj eiroct 
of larj^ei spin orbital eonjihn^f, 


is not followed. The crneiiil ease is the reversal of the seiiucnceH in Co’ ^ 
and Ni^ ' , on which the whole theory of the large amsotroi)y of (U,' * salts 
compared to that of salts was based. 




Ab given by Van Vleck. 
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The point raised here is whether the interpretation of the origin of 
of the absorption bands, in hydrated paramagnetic crystals and solutions 
given above is valid ; also whether it is legitimate to apply the Stark level 
scheme deduced from it to the interpretation of paramagnetic anisotropy, 
and other magnetic properties. 

I hope I may interest some of you to take up the study of light 
absorption in paramagnetic salts and solutions, specially with a view to the 
deteimination of the fine structure of the absorption bands. Many impor- 
tant problems as to the nature of the crystalline field in crystals and 
solutions await investigations, and can be attacked by the absorption 
spectra method. 
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